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I VENTURE to believe that there is still room for a book on 
the subject of Hydraulic Machinery ; this belief being con- 
firmed by the fact that students frequently ask me to name a 
work on this subject suited to their wants. The difficulty in 
naming a work, obtainable at a moderate price, and which 
contains really sound information, couched in language that 
ordinary students and readers can understand, has led me to 
produce the present volume. 

In books of this class an attempt is usually made to avoid 
using the calculus, or to disguise its use in the language of 
so-called elementary mathematics ; this course is not altogether 
free from objections, the proofs given being usually long, 
difficult, and not too exact. 

The present work is the result of a suggestion by Professor 
Perry, F.R.S., whose treatment of the theoretical portions of 
the subject I have followed ; and I venture to think that, 
although in some cases it has seemed necessary to make 
use of elementary applications of the calculus, the proofs are 
simple, easy, and satisfactory. The student who does not 
possess the small amount of knowledge necessary to follow 
the reasoning, had better accept the results without proof than 
attempt to master those often given. 

My many years* connection with Professor Perry as his 
chief assistant, precludes any idea on my part of putting 
forward a claim to originality in a subject which the Professor 
always invests with a peculiar interest. I therefore take this 
opportunity of acknowledging my indebtedness, and returning 
my thanks, not only to Professor Perry for his readily given 
and generous help, but to all others who have assisted me 
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I wiHiId mention the name c^i my colleague. Mr. Robert 
Johnston, Whitworth Scholar, as one to whom I am specially 
indobted for valuAblo practical suggestions, and assistance in 
th^: prLV\ir:it;-'" -t'J.rawir,:- fr-r the illustrations. 

It i- invr^-ib'.c :o rotor by rt.irr.e t:- J.! I who have, beyond 
mv hone vVc-7. .i:J-i-ted n:o : but I u-^uld state that to the 
Cour.c:! m* :/.o [r.^iiuiti-rr. .:r" Civi" En-^inv^crs. and that of 
tl'.c Ir>t-:-.i:! n ■••' Mjc''.i:mc.i*. K::^-"r.eers. as well as to the 
pnv.v;'o:='r-i .i- .: ciit-Ts •:■:" * Th<r Engineer.' of • Engineering' 
a:tv.: of " ^\i-.s":rs M.i^A'ino ' I .i::: ur..:s:r ic'ei: obligations for 
T.vr:v:->: - :' ::;• .^J:.:. ;'!i:-:r.i:io"'i ■' ":ij:i l:ivc anpcarcd in 
their i\:<yov;:i%e ; iir:\i's. Tiie '^<:-:"-r::: ;::■:■:: have enhanced 
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lYDRAULIC MACHINERY. 



INTRODUCTION. 

Machinery actuated by water is temied "hydraulic machinery," 
,ind writers often include under this title machines, such as pumps, 
wliich act cfl water. Hydraulic appliances were known and used 
from a very early date. Many of these, mainly for raising water, were 
employed long before the beginning of the (Christian era. 

The use of water as a natural source of power has not been as 
much resorted to in this country as in many othere, owing to our 
large supplies of coal, and the fact that a water supply with sufficient 
fall is not often availahle where the power is required. The per- 
fection attained in the construction of turbine water wheels, together 
with ttie decline of our coal supply and the perfecting of electrical 
methods of transmission, render this source of power one of increasing 
importance. 

Without referring at length to the history of the development of 
hydraulic machinery, it may be mentioned that the invention of the 
force pump by Ctesibius about joo b.c, of the double-acting pumi> 
by La Hire in 1718, the hydraulic ram by Whitehurst in 1772, and 
j: hydraulic press by Joseph Bramah in i8oa,'are important epochs. 
I The suitability of water as a medium for the fmiismissiim of 
r has been fully recognised in recent years, thanks mainly to 
3 Armstrong, to whose inventive genius we are indebted for the 
iation of our modem central station hydraulic systems. 
The provision of an efficient, moderate-speed, self-governing, 
b-prcssure water motor for variable powers — now occupying the 
DOtion of inventors — will, no doubt, greatly extend the use of 
"raulic power. The following pages are written with the hope 
"Sf assisting the student to obtain a fairly thorough groundwork of 
knowledge in connection with this subject. 
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COMI'RESSimLITY OF WATER. 

A PLCID is " something which flows " and may range in consistency 
from the very vihcoiik pitch which breaks with a glossy fracture, but 
which, if left hcajHrd up in a bucket, gradually .settles down and 
" flows " over the edge of the bucket in festoons ; to a very volatile 
and highly comprcKsiblc fluid such as a gas. Fluids of that class 
which is only ver>' slightly compressible, offering very little resist- 
ance to change- of shape but great resistance to change of volum^ 
arc called " liquids." Water is a good representitive of this class, 
and we shall confine our attention mainly to iL 

Water is nol incompressible, though the old Florentine phil»- 
■opheri thought it was. They devised an experiment which they 
thought would settle the mutter. They knew that a sphere contains 
a larger volume llian any other figure of the same surface area ; 
hence they took a hollow spherical globe of go!d, filled it with water 
and scalcrl it hermetically, 'i'he globe was then beaten so as to 
make! its «hn]H! no longer spherical, wiien small drops of water made 
their a|>|)earanr^e on the Rurface of the globe, having oozed through 
the gold rather than submit to a diminution in bulk. The philo- 
sophers then decided that water was incompressible, which was not 
proved Iry the exiteriment ; all that was proved being the fact that 
water raisU compression very much. 

A cast-iron shell filled with water, and fitted with a small sartnf 
which could be screwed into the shell, gave a similar result, 
finding its way to the outer surface of the shell in tlie form of 
spray when the pressure became very great, the shell shortly after- 
wards falling gently to pieces. This non-dangerous method of 
fracture produced by water pressure renders it a favourite mediutfi 
for the testing of boilers, &c. 

Water is compressible, but only to a very slight extent. Hooked* 
famous law, " Stress is proportional to strain," enables us to find die 
actual compressibility of water. 

The law is ;— 

Cliange of hydrostatic pressure all 1 ^ | K x the fractional change 
over the body's surface . , . . | i of volume. 



tiary PrimipUs. 
; K is the moduiiis ef cubic compressibility. Suited algebraically 



negative sign intJicaling that the volume diminishes as the pressure 
'or water K = 300,000 lbs, per sq. inch, and if we take 
a rhange of pressure = one atmosphere (14" 7 lbs. per sq, inch) and 
an original volume (V) of 1 cubic inch. 
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iee, therefore, that [he fractional change of volume correspond- 
ing to a change of pressure of one atmosphere is about m.iinFth. 

it will not be very far wrong, therefore, to assume that wat;r is 
incompressible; if, as in many problems, the pressure is m longer 
changing, the volume, of course, remains constant, and in any case 
the change of volume is very small. 

^HhK principle underlying the action of this and other hydraulic 

^QWtchmes of the same class is said to have been discovered by 

Stevinus, but »-as enunciated by Pascal 150 years before Joseph 

Bramah made a practical use of the principle. Pascal's statemenC is 

that " if a vessel full of water, closed on all sides, has t(vo openings, 

3 hundred times as large as the other, and if each be supplied 

I a piston which fits it exactly, then a man pushing the small 

ton will equilibrate that (?) of 100 men pushing the piston which 

^00 times as large, and will overcome that of gg." In other words, 

e will be e<iuilibrium if the forces are inversely as the areas of the 

— This is a direct consequence of the law — proved at page 15 — 
that in a fluid, if gravity be neglected, the intensity of pressure is 
everywhere the same. 



4 Hydrauiic Machinery. 

This result may be obtained in another way as an illuslration of 
tlie " law of work," which may be stated as follows : — " The wort 
given to any machine, or done on the machine, is exactly equal lo 
that eblahied from or done by the machine, if there is no w:aste and 
no storage of energ)', and if the machine works at a steady speed." 

To apply this law to a case which illustrates Pascal's principle 
exactly : in Fig. i are showTi two vessels E and D connected by tfie 
pipe S, and therefore fulfilling the conditions of Pascal's one vessel, 
the vessels and pipe being filled with water, except where the space 




is occupied by the ram R and the plunger P. Suppose the 
and pipe to be watertight, and that water is incompressible : henct; 
/ inches of the plunger enter the water, a i cubic inches of water 
displaced by it, its cross section being a square inches. This wi 
tries to escape, but if nothing yields nor breaks it camiot do so, 
Hence it must find room by forcing the ram R (and its load) up 
through a distance c inches. Hence, from the law of work, neglecting 
friction, at / = W f ; if the area of the ram is A square 

/ K 

- = — , ami as / divided by c is the relative motion of P and K^ 

. evidently the velocity ratio of the machine is the raih of the area ^ 
the ram to that of the pump plunger. 



Packing Leathers. 

As an itiusttation, if A is loo square inches, and d is i square 
Kh, then when P moves in say loo inches, loo cubic inches of 
rater are displaced, and will find room by moving R up one inch. 
It should he borne in mind, however, that in alt machines less 
f is obtained from th« machine than is put into it ; the ratio of 
e latter amount lo the former (under conditions of steady speed and 
D storage of energy) is called the efficiency of the machine. In the 
lulic press this may be considerably over 50 per cent. 
To be accurate, the force exerted by P is equal to that necessary 
D overcome friction, together with that exercised against W. 




Packing Leathers. 

It may not be out of place here to direct attention lo the method 
of packing the ram R so as to allow it to move in and out of the 
press cylinder watertight. In 
the cylinder is a rectangular 
recess in which a tunnel-shaped 
piece of leather is inserted, as 
shown at // (Fig. 1). Some 
of the water in U finds its way 
pas: F F ; this water, gelling 
inside the leather /, forces the latter more and more lightly against 
the ram as the pressure becomes greater and greater, thus prevent- 
ing leakage. This, in fact, constitutes 
the most important part of Bramah's 
invention. 

Leather packings are of different 
Sometimes they are cup- 
laped, as shown in Fig. 1, this form 
used in the hydraulic jack. 
metimes the shape is that of a hat 
1 straight brim and no crown, as in Fig. 3, or they may be U-shaped, 
I Fig. 4, which is the form usually employed for packing-press 

i. Such packings are SBssn 

; by soaking a disc of | 
r of the proper size in 
It water until the leather is ' 
I, and then pressmg it 
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Fig. 4. 
Inouldoftherequiredshapeby a corresponding core, which is forced 
6 held down by a screw til! the leather is dry, or in cases where a 



Hydraulic Mac/imery. 

large number of such leathers have to be made, by the ram of a 
small hydraulic press. 

In the case of the U leather, the pressing may be ilone in two 
stages: first it is pressed into the cup shape, and then into Uie 
U shape, the central disc being afterwards cut out. The recess in 
the press cylinder in which such leathers sit should be lined with gun- 
metal, and in many cases that portion of the ram which comes into 
contact with the leather is also covered with gun-metal or copper. 

Fhiction of Leather Packings. 

The friction of such packings as those referred to above has beeo 
the subject of a considerable number of experiments. Mr. Hick, of 
BoUon, found that the law of friction in such cases is a simple one, 
showing friction proportional to total load on the ram, and inversely 
proportional to the diameter of the latter. 

The law can be expressed approximately as follows : — 



/ = 



■°4r: 



U 



P being the total load on the ram of which D is the diameter in 
inches. If, for instance, the diameter of the ram is 8 inches and the 
total load 50 tons, the force necessary to overcome the friction of the 
leather, 

•04 X 50 



/ = 



15 ton = 560 lbs. 



I 



The formula may be readily put into the following shape. Since 
■7854 D'/ tn^y bs taken = P, /= '0314 lip for well lubricated 
leathers, where/ is the pressure of the water in lbs. per square indi. 
With new or badly lubricated leathers the coefficient is "0471. 

The U packing can be more readily placed in position if the 
cylinder, as is Usually the case, be fitted with a removable ring or 
gland. The lower end of the ram should be well rounded, as the 
leather is usually a little smaller in inside diameter than the ram. 

For small rams or pistons, strips of leather wound spirally are 
used as packing. India-rubber packing is also sometimes employed. 



Hemp Packings. 

These are now used for hydraulic cylinder.') on account of their 

comparatively small cost. The hemp must be compressed with a 

great pressure, sufficient to make a joint against the ram watertight 

under the highest pressures, hence the friction of such packings is 



Hydraulic Hand Press. 

\\ even when small pressures are sometimes used. The gland and 
stuffing-box are similar to those employed on sleam-engine cylinders. 
The Triction of such packings cannot be so accurateiy expressed as 
in the case of leather packings. It is said that if well lubricated, the 
rule/= o"i X/D may be employed, which gives /= 1782 lbs. in 
our example, or over three 
is, however, doubtful, for 
in this case friction is too 
dependent on lubrication, 
the tightness of packing, 
&c,, to be readily expres- 
sible in an easy rule. 

It is possible to make 
such packings tight for 
very high pressures, 

_ Hand Press. 

^H The action of the prtss 
^^Tnll be understood from 

an examination of Fig. 5, 

where a section of a hand 

press is shown. The pump 

plunger C on its upward 

stroke draws in watur 

through the upward-open- 
^_ ing valve F ; in the down 
^kjnroke Y closes and G 
^Kqiwtis, allowing the water 
^^fc pass along the pipe E 
^^B the press cylinder D, 
^^^Rucfa is already tilled with 
^^■^ler. The influx of this 

new supply, due to the 
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down\vard stroke of C, causes the ram B to be raised ; thus goods 
resting on the platfonn attached to B are pressed on the continuance 
if the operation. 

The safety valve H opens and allows some water to escape, 

lould Qie pressure accidentally exceed the limit which has been 

jxed as the greatest consistent with safety. Other details are 

irent from the figure. 

This machine, formerly much used, has now to a large extent 




I 



8 Hydraulic Machinery. 

been superseded by the power press, worked either from private 
steam pumps or public hydraulic power mains. 

Even with a machine of this kind great forces may be exerted, 
two men working the pump being able to crush into shapeless masses 
great blocks of oak, and even to reduce large cubes of glass or stone 
to powder. 

Such machines are very efficient. 

One reason why (he frictional waste of energy is so small in the 
case of the hydraujic press, is that the motion of the water is very 
slow, for, as we shall see later on, in fluids the friction depends very 
much on velocity, and is indefinitely small when the motion is very 
slow, \Vhatever loss there is from this cause, occurs in the narroto 
passages rather than in the press itself. The solid friction is mainly 
at the fulcrum of the lever, and at the glands where leather or hemp 
rub on metals, this quasi-solid friction being proportional to load. 
Hence we might exi>ect to find— what experimenters have found — 
tliat the total friction is about proportional to the total load. With 
fluids like petroleum oils the friction would be less but the difficulty 
of packing greater, whereas with fluids like tar, honey, etc., it would 
be necessary, in order to get a high efficiency, to make, perhaps, only 
one stroke per hour. 

We have assumed thai in the hydraulic press there is no storage 
of energy; this is hardly correct, even if we disr^ard the compressi- 
bility of the water. The lifting of the ram is, in fact, a storing of 
energy which is almost alt given out again as the ram descends. 
is usual to regard this lifting of the ram as an absolute small waste of 
energy, but if the load raised be, say, less than the weight of the ram 
itself, it becomes necessary to take it into account. This is the case 
in warehouse and hotel hoists or lifts, which will be referred to more 
fully in a later section. One difficulty which presents itself in attempt- 
ing to take the weight of the ram into account is, that as the ram 
rises its apparent weight, i.e, the part of its weight to be overcome, 
increases. You know that a stone, when immersed in water, is ea^er 
to lift than when it is in ait ; and just so here, as the ram rises, more 
and more of it is in air and less in water, hence it is harder and 
harder to lift. Usually the loads on a hydraulic press are so great 
compared with the weight of the ram that the latter may be neglected ; 
but in lifts it has often to be taken into account and balanced in ways 
which will be explained. 



Methods of Varying the Pressure. 

Press Details. Variation of Pressure. 

In the case of hydraulic jacks, the load on the ram is the same 
throughout the whole operation, but this is not the case in the 
hyihrautic press when used for baling operations. In the case of 
hales of cotton which are brought to England via the Suez Canal, it 
is necessary to compress the cotton so tightly that it looks like a piece 
of oak when cut, and, mdeed, can be planed up like oak. In pressing 
niaterbl of this kind, there is, during the early part of the operation, 
comparatively little pressure on the ram ; but it is the greatest total 
pressure to be exerted which determines the relative sizes of ram and 
plunger. It is ohi-ious that if the ram were to rise quickly during the 
f.irly part of the operation under small pressure, and then more 
slowly and under greater pressure towards the end, a saving of time 
.ind a more regular expenditure of energy would be effected. 

This object is, to a certain extent, carried out by different 
arrangements. In hand presses, for instance, the fulcrum of the lever 
is in some cases changed, so as to give a greater mechanical advan- 
t.ige towards the end ; or a large pump may be used at the beginning, 
.ind a small one at the end; or two equal pumps may be used first, 
:ind only one afterwards. 

In another form of baling machine twelve pump plungers are 
attached to the cross-heads of steam engines. At the beginning of 
ihe operation all twelve are working and the pressure is small. As 
tlie pressure gets greater one set of four pumps is detached, so that 
they merely pump water back into the tank from which they take it, 
hence expend very little energy. Eight pumps are now forcing water 
into the press, which rises much more slowly than before, but as the 
'-light ha^e nearly the whole horse-power of the engines acting on 
them, they are able to give to the water a far higher pressure. Near 
the close of the operation four more are thrown out of gear, and the 
pressure is correspondingly increased. It is now more common to 
use sets of six pumps and throw them out of gear tivo at a time. 
In some cases more than one press and ram are used, the extra rams 
commencing to act when the greater pressure is required. 

Or an accumulator (p. 171), supplying water at, say, 4 'o" per 
sijuare inch, may be used for the earlier part of the operation, 
involving 70 to 80 ijer cent, of the total lift of the ram, the remain- 
ing 30 per cent, movement being effected by the action of water 
direct from the pumps, rising to a final pressure of i\ tons per 
square inch or even higher. This method is very convenient, saves 
time, and requires smaller engine power; but it is not economical, 
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lo Hydraulic Machinery. 

as the full accumulator pressure is employt-d at the earlier stages, 
where loo or aoo lbs. per square inch would bt; sufficient In some 
modem presses the hydraulic intensifier is employed, and the 
pressure of the water supplying the press varied in this way; but this 
has the same disadvantage of want of economy during the earlier 
portions of the operation. To obviate lo some extent this difficully. 
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ellhouse • introduced his hydraulic inlensifier (p. 345), used first 
iminishur, giving a pressure of 324 lbs. per square inch, flie 

ulator pressure of \ [on per square inch being next employed, 
'terwards the operation is completed by the help of the in- 

er used as an intensifier, and giving ij tons per square inch. 

Minules of Proceedings of Instilulion of Civil Engineets,' vol. xdx. 



Details of Presses. 

The change of pressure required during the operation of pressmg 
one class of Manchester goods is clearly shown by the curve in 
Fig. 6. 

Probably the further development of the intensifier method will 

rto still greater economy. 
PuiiFs FOR Press Work. 

In connection with modem presses direct-acting pumps are most 
usually employed, 'lliis system was first applied by Messrs. Nasmyth, 
liVilson & Co. In their system direct-acting pumps without fly-wheels 
are used, the cranks being set at quarter-centres ; the engines move 
whenever water is required, the steam being used unexpansively and 
throttled to agree with the requirements of the load. This system is 
economical but requires large plant. 

Direct-acting pumps with fly-wheels are much used, it being more 
usual to have fly-wheels than to trust to the automatic reversal of 
motion. 

Details of Presses. 

Press lylimiurs were formerly made of cast iron only. Presses 
from 9 to 14 inches in diameter, with a thickness in the latter case of 
10 inches, gave little, if any, factor of safety at the highest pressures. 
Thus the 14-inch press was stressed to 4 tons per square inch at its 
inmost layers, and even with chilled castings this gave almost a 
tlangerous stress. The maximum squeeze exerted by the ram was 
460 Ions, Owing to the wish of exporters to pack tighter and tigliter, 
anil thus reduce freight charges, steel was tried as a material for press 
cylinders, and has now come into general use. 

The ultimate tensile stress in this case is 25 to 35 tons per square 

inch, the usual thickness for 3 14-inch press being about aj inches, 

thus giving a factor of safety of 3 or more, at usual pressures of 

^^ aj or jj tons per square inch, and pennitling a maximum squeeze of 

^feoo tons. 

^^K 2^ ram acts of course in compression, hence cast iron is good 
^^BOugh. It is usual to case the upper part for 42 to 48 inches with 
^Bfbrass hoop, to reduce friction and prevent deterioiation of the 
^Hhnher packing, or in some cases a copper covering, deposited by 
VScKtrolytic methods, is used. 

Tkt platen or table is guided to move vertically by four rollers, 
working on accurately turned pillars. 

It will be understood that the table has to be removed whenever 
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V packing leather is introduced, hence facilities for tliis remoial 
must be provided in the design. The press tops and bottoms are 
raade of east iron, and are in realitj- compound beams strengthened 
by fl^ges, a continuous cop flange of greater cross-section than the 
somewhat similar bottom flange giving the increased tensile strength 
"hich the material lacks, and which experience has shown to be 
iifi.essary. The designer must also, in this and other hydraulic 
iii.irhincs of the same class, provide a means of emptying the 
t hnders of water in time of frost, when the machine is out of use, 

A reference to a drawing of a good modern press will show how 
rhi.-se matters are all carefully adjusted. 

Piping, — Steel piping is now always used for the conveyance of 
the /tigh-frasart water supplying the press, its greater tensile strength 
and smaller liability to corrosion rendering it much more suitable 
than either cast or WTOught iron. 

Efficiency. — \Vith small pressures and low speeds, the efficiency of 
an accumulator or press with constant load, may be determined ap- 
proximately by observing the pressures by gauge as the ram rises 
and as it falls. An efficiency of about 98 per cent, may be expected, 
but with high pressures or speeds the method cannot be accurately 
K carried ouL A series of actual tests for efficiency at, or including, 
■H|([h pressures, would be most interesting. 

^Httot 



Modern Hydraulic: Pre.ss. 



■ Fig. 7 shows a good modem hydraulic press. It has a top and 
ttom platen, also three massive columns, a bottom cylinder with 
its rom, and hvo top cylinders with their rams; there are also the 
lop and bottom followers with Sashing plates and revolving boxes 
— the jarts below the baling platform are not shown in the figure — 
tlie function of the whole being as foUows : — 

After the sliding boxes have been filled, say with cotton, from the 
upper or filling floor, the first box is brought over an opening in the 
raisetl platform, seen imdemeath the upper floor, iuid its contents are 
discharged into one of the revolving boxes of the press {seen nearly 
under the press) which is at that time brought below that opening, 
'i'hc frame is then moved and the second filling box is brought over 
the opening in the platform, and its contents pressed into the revolv- 
ing box by means of a " treader " attached to the ram of the hydraulic 
^^^lioder provided for that purpose. The treader is then withdrawn, 
^Btad the cotton being held down by an automatic apparatus, the third 
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14. Hydraulic Machinery. 

The revolving box having now been filled and the cotton held by the 
automatic apparatus, it is turned round and brought with its contents 
into the position to be compressed and finished by the tams of the 
press, whilst the other revolving box is moved under the opening in 
the platform and undergoes a similar filling simultaneously with the 
pressing and finishing of the first bate. There are three rams to each 
press, the bottom one doing the preliminary pressing, the addition of 
the other two larger top rams giving the necessary finishing force. 
The lower end of the bottom ram. and the working surface of the 
top rams, are covered with gun-metal to diminish friction and abrasion 
of cup-leathers. 

By this arrangement a considerable saving in the time necessary 
for making a bale is effected, and bales of great weight can be made 
in a press of ordinary dimensions. 



HYDRAULIC JACK. 
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This is one of the most useful of the portable machines for miBing 
loads, and it is rapidly displacing— indeed has already in a large 
measure displaccd^the older and less efficient screw jack. Fig. 8 
shows a section of the best-known form of the jack. Here the ram 
is stationary and the casing or press moves ; the ram being packed 
in a watertight manner by a cup leather of the kind already de»^ 
scribeti, fastened on the to]) of the ram liy a washer and set-screw a« 
shoMn. The handle N works the pump plunger by means of tt|^| 
crank K, whose length is K O. When the handle is raised, watlic 
enters from the cistern C, by the inward opening valve S, the spac«it 
under the plunger. If the handle be now pushed dorni, part of 
water under the plunger finds its way through the downward-opening' 
valve M into the space H above the ram, and as more and mom 
water is forced into this space the casing rises on the ram, 
raising any load which may be re.sting on the casing of the jaclu 
The toe T may be employed for lifting rails or other low^lying loads. 
The load is lowered by slackening the lowering screw ^'. which opens; 
a passage from H to the cistern C, and the load on the jack forces 
the water from H back into C, thus diminishing the volume in Tei 
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he grating and by the vah'C ^ 
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entering through the grating and 
plunger itself. On the down stroke of the plunger this valve is cloawi 
and Vj opened, the waler is therefore forced through the pas»ge in 
the ram R into the space M. As more and more water is forceil 
into M the ram R and casing A are raised, and with them the loid 
on the casing. 

In this form of jack ihe ram is protected from injur>-, which is 
not the case in the older and commoner forms of the apparatus, anrf 
the cup-leather packing L is kept moisi more readily. If, from any 
cause, leakage occurs in the older form of jack, the tt-ater all escapes 
and the leather becomes hard and dry ; whereas in this form, even if 
leakage does take place, the leather is still immersed. A horizontal 
section of the ram is not circular, but has a flat side, the casing beiti|, 
of course, of the same shape, hence the groove and set-screw are not 
required. These and other improvements show the evolution of this 
appliance in the capable hands of Messrs. Tangye. 

Of the practical utility of the hydraulic jack as a portable machine 
for raising weights, it is not necessary to say much. Our great 
advance in hand load-raising appliances is evident from ihe facts, 
that half a century ago Le Bas required ihe help of 480 men working \ 
capstans to raise the Luxor Obelisk in Paris, whilst nineteen yeus 
ago Cleopatra's Needle was raised to its present position on the 
Thames Embankment \>y four men, auk workiiig one hydraulk jade. 

Some readers may think tliat in these machines the shape of the 
end of the ram has some effect on (he total force with which the lam 
is pressed upwards. This is not so ; the fact to be borne in mind 
is that water is almost friclionless, and hence can press only nonaaSjr 
on any surface confining it. 

We may imagine the water particles to be little bodies very 
greased, each particle pressing on its neighbours beiause they ll 
press on it, but it presses and is pressed ~ 

in all directions. When, therefore, it comes in 
contact with a wall or boundary of a vessd, 
the pressure must be normal on the boundaiy, 
and the same on rr-ery unit of area at the 
depth. This is also true of any interface sepa^ 
rating two portions of the water. 

The only thing to consider then, is wheAer 
ibe ram in moving up one inch leaves the 
empty space behind whatever the shape of the 
end may be, and a little consideration of such a figure as Fig. lo will 
show that this is true. 





Practical Tisis. 




Efficiescy of the Hydraulic Jack, 



II is ralher difficult to find tlie law of efficiency of an apparatus 
like this, where the motion is reciprocating, as a v/eight has to be 
ap|ilied to the handle, and this weight must be lifted by hand in the 
upward stroke of the handle. 

The following experiment with a 3-ton jack^not, however, in 
very good order — was carried out by an evening student (Mr. J. W. 
Kearton) at the Technical College, Finshury, Great care was taken 
to gel approximately accurate results, the load being applied by a 
long lever, and the handle replaced by a puUey, so that the arm of 
the applied force might he constant. 

The results shown on Fig. 1 1 were obtained. 



Efficif.>jcv of a Hydraulic Jack. Experimental Results. 

Three-ton hydraulic jack. Mechanical advantage of pulley used 
instirad of handle, 14^; diameter of ram, 3 inches; diameter of 
plutiger, I inch. .■, velocity ratio of jack = i4'75 X 4 = 59. 

- ""''' e'yjLgl'. Let W be raised . foot. 1' must 
work put in 
move through 59 feet. .'. work givi 



Efficiency = - 



out = W X I, work put 
W 

generally = -, where 



. P X 59. or efficie™,. = ^^-^, 

the velocity ratio. 

The smallest force P at the handle necessary to raise steadily a 
W was in each case observed. Values of P and VV are shown 
e lower curve (Fig. 11). 
will be seen that the corresponding values of P and \V arc 
:ted by a '" straight line law," In other words, 



V = a\\ ^-c, 



e a and i are constants. 
I find their values in tl 
p the curve. 
At R, 

P = : 
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Presses for Spectre Purposes. i 

Pu!iing these values into the general equation, 

(1) 21= «;8o + f, 

(2) s>=«"<»5 + '. 
■ ■■ V A aubtraciion, 

30 = rt JI45. or ,1 = •0241, 
anil this value ofn substituted in (i) givts 

€ = I "202, 

Hence the law of the machine is 

P = -0241 W -j- 2 '201. 

The law connecting etSciency (K) and load (W) is 

which, when VV becotnes great, and hence — - negligible, givt 
E = ; ~ — = ■ 7 as the greatest possible efficiency. 
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APPLICATIONS OF THE HYDRAULIC PRESS. 

Hydraulic PRESSIS arc now used for a great variety of purposes — 
.11 fact, almost all pressing operations are performed by a modification 

t ISramah's famous machine. 
Oils are expressed from seeds, porous materials are freed from 
moisture and consolidated," and even metals are forced to pass through 
orifices and assume given shapes by the great pressure of a hydraulic 
press, A treatise might be written on the various modifications of 
\\mi hydraulic press, but our limited space permits only a reference to 

'iL- or two forms which seem most interesting, and whith may not 

1 familiar 10 the reader. Of these probably a 

^■i Hydraulic Press for making Lead Pipes 

ia one of the most curious. The fact that metals like X^a^Aflow when 
■iilijectcd to great pressure, is referred to at p. 27, M. Tresca's 
inous experiments showing this very clearly. 
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Press for Making Lead Pipes. 2 1 

To ihe left of (he figure is seen a small sieam engine and pump 
l)y which water is forced into the press or water cylinder, seen in the 
lower portion of the central 
figure. 'Vhe upper part of 
tht- ram of this press, shorni 
ni seclioD, bears a thick 
I t-ssel called a container, 
■A-hich can be detached and 
moved by means of the 
ilerrick (seen above) to the 
stove on the right. This 
container is placed on the 
stove and heated to 300° or 
400' F. ; it is then replaced 
on its ram, an<l molten lead 
is run in from the pot on the 
ritrht. All scum or dirt having 
liLcn removed from the snr- 
I ILK of the molten lead, ihn^ 
i oniainer and the hollow lead 
■ini are placed in proper 
"isilion, as shown in the 
(i,i;ure, the lead being allowed^ 
10 cool ind consolidate The 



reed upwards on its smill 

\}\ ram shown m tl 

tral hguie Thianmli 

^ 1 annular die m its lo 

end with core fastene i t 

ihetontaner the stctoi I 

s annular hole m thi^ ilu 

; that of the reijuird 

I pipe. As the coniaintr 

■ Up under the gre.11 

sure of its supporting 

lead is forced 

^h this die in a con- 

5 stream, which is the 

1 pipe, this pipe being wound on the hand wheel shown m the 

p left-hand portion of Ihe figure, l^rgtr pipes are supported from 
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12 Hydraulic Madtitfcry. 

llie ceiling by small pulley blocks and ropes, sxtA art nol wounJ on 
the reel. 

The pressure required for making lead pipes b from one to two 
tons per square inch, according to the siae of pipe. Composition 
pipes, and pipes made of tin and covered with lead, are constnicte4i 
also electric light cables covered with lead, by a modilication of 
machine. The arrangement for covering cables is shonn in Figs, i j 
and 14. In this case the container is entered by a sclid ram, and 
cable is led through laterally in a way that will readily be understood 
from the plan (Fig, t^). The cable, in passing throtigh the container, 
which contains lead under high pressure, emerges at the other side 
with the required covering of lead firmly adhering to it In this case 
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Fig. 14. 

there is a continuous circulation of cold water in a special chamber 
round the hollow block through which the cable runs. 

The dies for regulating the thickness of covering are placed in lb 
hollow block, and the guiding cores are secured by regulating screw 
(O the container. These cores are cither hollow or doulile-cased, b 
allow of the flow of water. To prevent the metal passing thnmgb 
the side of the hollow block, the core is screwed up against 'Am 
r^ulating ring or die, the cable is passed through the core, and n 
the metal is solidified in the first charge the core is unscrewed 
back as desired. 10 allow the metal to pass round and cover the 
cable. Thus the cable is only exposed at the point of contact, a 
very important matter, >{any of the above devices and improve- 
B are due to Mr. Alexander Wylie, of Johnstone, near Glasgow. 



Linseed Oil Press. 



Oil Prusses, 

A useful application of the hydraulic press is afforded in the 
ition of expressing oils from seeds. This oil-pressing business 
i now become widespread, and the kinds of seeds treated very 
neious. 

Taking an important example, linseed, the method of treatment 
is briefly as follows : — The seed is first cleaned and separated from 
impurities ; it is then crushed between rolls, usually five in height, 
three being of larger and two of smalli/r diami;ter; the seed thus 
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kThe crushed seed is then heated in a vessel called a kettle, in 
1 live steam is injected into the mass whilst it is thoroughly 
sirred by machinery, thus making it hot and moist. The stuff is 
now " moulded " in a hinged bottomless box, usually about 29 inches 
by 13 inches, and 3^ inches deep. A tray, with a piece of cloth 
about 6 feet long and 13^ inches wide on it, having been previously 
placed under this box, the loose ends of the cloth are folded over 
the seed, and the whole pushed forward over the ram of a small 
hyrlraulic press in the moulding machine. This forward motion 
automatically opens the valve of the press, and the mould of seed is 
subjected to pressure by the ram, which reduces the cake of seed 
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from 3i inches to i\ inch in thickness, or to a point at which the 
oil is just ready to Row, but is not actually expressed, AVhilst one 
cake is being thus moulded, the attendant is preparing another as 
described. 

The semi-solid moulded cake is now ready for the oil press 
(Fig. 15) It, and others like it, as sqon as ready, are taken one at 
a time and placed in the press, each cake 
het*'een two of the iron plates seen in 
the illustration. These plates are usually 
corragated, and may bear any trade mark 
or legend desired. 

When the spaces between the fjlates 
have been filled, the plates are pressed 
closer together by the ram of a hydraulic 
press emerging from its cylinder, in a 
ivay which will readily be understood 
from the section. Fig. 16. Thus the six- 
teen cakes in each press are subjected w 
a pressure gradually increasing to ij ion 
])er squire mth provision being made 
for conducting the expressed oil to suH 
able ti stems for filtering or nhere\er it 
111 required 

I he oil IS used for many purposes, 
such as pimting and the cake, after the 
ofl IS extracted from it fonns a valuable 
food for cattle 

Mr. Grkathead's Shield, , 

t 
A very interesting application of tha 
hydraulic press is seen in the shield em- 
ployed by Mr. Greathead in the constnic- 
Fig. 16. tion of the Citj- and South London Rail- 

way, and other, tunnels under the 'I'hamei 
Figs. 17 and 18 show the construction of the shield, audenaWi 
its action to be readily understood. The shield consists of a cyli 
composed of two plies of steel plate, each \ inch thick 
together with countersunk rivets. This cylinder carries at its 
end a strong ring of cast iron, to which are bolted the plates , 
channel irons forming the face, with steel cutlers for excavatins 
tunnel, which is made either equal to, or a little greater in diaS. 




'^6 Hydraulic Machinery. 

than the cjrllnder, depending on whether the ttmne] is, or is not, 
straight at the point in question. 

"Vhc inside of the cylinder in the rear of the face is lined wilb 
cast-iron s^ments, to which are fastened six hydraulic presses as 
shown in Fig. i8, one of these being shown tn section in Fig. 17. 
These presses are supplied with water from pumps by pipes not 
shown in the illustrations. 

When the material is excavated the pumps are put into opentioD, 
and the rams of the presses force Uie shield fom-ard. The rear end 
of Ibe shield for a length of 2 feet S inches consists of the siceL 
"Cylinder only, as shown in Fig. 17. and within it the tunnel lining. 



segments, is put together ; this 
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<::onsisting of massive cast- 
cylinder being moved for- 
ward by admitting pres- 
sure water behind the 
piitons of the presses. 

A proper door must be 
constructed in the face of 
the shield, and air locks 
provided where com- 
pressed air is used. The 
-ijiace t)etween the seg- 
menls and earth may be 
filled in with cement 
grouting, a special appa- 
ratWB having been <Ie- 
■igncd by Mr, Greathcad 
for this puqxise. 

hvdrallic 
HoopTigmtenim. 

Pkes'. 
H)(lrauhc machmti^ 
has bten used for vanous 
processes connected «itli 
cask making though 1 
somewhat limited exlii 1 
Fig 19" shows a novLl 
aj-phration of a hydraulic press to the tightening of the permanent I 
hoo[ts rhe cask with its hoops iiartlj on is 1 hred on a table or 

* From ihe 'Minulei of Pioccedines of ihe Instllulion of Ci^il £t]£i 
vol cxv ty petmuMDO 



^ 



rg 19 



JjbMiii 



Elementary Laws of Fluid Pressure. 27 

plaien over the ram of a hydraulic press. Above this table is a 
■ isting which carries a series of steel driving-arras, connected together 
.'1 such a way that when one is pulled outwards Ihey all open, and 
.\ iien released they fall together again, being weighted. The cask 
being plared in position, pressure water is admitted to the press and 
the ram and table ascend ; the driving arms catching the hoops force 
them on tightly. A relief valve is provided in the supply pii>e, so 
(hat when the hoop becomes tight enough, and hence the pressure 
ivadies a given intensity, the valve opens and the relative motion of 
hoop and cask ceases. Each hoop is thus driven, uniformly, to the 
proper dt^ee of tightness, and with less risk of breaking the hoop. 

There are many other applications of the hydraulic press which 
space does not permit a reference to ; those indicated seem to be of 
considerable interest, and are not described in the usual text-books. 
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.FLUIDS AND FLUID PRESSURE. 

Flu ID I TV. 

Before studying other hydraulic machines, it may be well, in order 
to imdersland their action fully, to consider some elementary laws 
regarding the pressure and flow of fluids. 

It is well known that when a substance is kept subjected to 
stresses for a long time the strains or deformations produced in the 
substance usually increase with time. 

This increase is, however, of importance only in the case of 
certain substances which have been called plastU. Mud, mortar, etc., 
have high d^rees of plasticity, but the solids, wax and pitch, also 
' xhibit this properly. 

It is probable that if the stresses in the case of sealing wax are 
Illy small enough, the wax will behave like steel, but with even such 
stresses as are produced by its own weight, it bends more and more 
from day to day, nearly the whole of its deformation being a per- 
manent set. If any substance is subjected to sutficiently high stresses 
it exhibits //,«/)W/i'. Thus steel can be drawn through a die to form 
pianoforte wire, and the plasticity of lead, copper and other metals 
is well known. 
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txtcmal forces, like gravily, act on ihe mass of the Huid, tht pressure 
is the same at every point in the fluid. These two propositions may 
lie proved as follows : — 

The resultant of the fluid pressures on any portion of a splierical 
surtacc must, like its components, pass through the centre of the 
sphere. Hence, if we imagine a portion of the fluid — of the shape of 
a plano-convex lens (as in Fig. lo) — solidified, the resultant pressure 
on the plane side must pass through the centre of the sphere : and 
therefore, being perpendicular to the plane, must 
pass through the centre of the plane area. If we 
lake two concentric circles of nearly the same 
radius, the resultant of the pressures on each must 
pass through Ihe common centre, from which it 
follows thai the jjressure is uniformly distrihuted 
over the narrow annulus. Now take the inter- 
secting circles ABE and D E F (Fig, ai), the in- 
tensity of pressure at B is the same as at A, since 
Ihe points are equidistant from the centre U, and 
the intensity of pressure at D is the same as at 
A, for they are equidistant from F; hence ihe 
intensity of pressure at D on the lune A B E D is 
the same as at B, and so on for other points. 

Hence the pressure on any plane area is uni- 
formly distributed over the area, and the resultant 
pressure must therefore pass through the centre of 
the area or " centre of gravity " of the area. 

Next imagine a triangular prism of the fluid, ' 
dicular to the axis, to become solidified. 

Let the areas of its ends be Hi and «„ and of its sides at, a^ and 
af respectively. The forces on the two ends are the only forces in 
e direction of the axis of the prism ; these forces must be equal. 




I 



but 



= /, "■, : 



intensity of pressure on any two parallel planes is the same. 
IVe have seen that the resultant of unifonnly distributed pressure over 
an area acts at the centre of the area. 

Now on our prism the forces at right angles to the axis balance, 
therefore they are parallel to the sides of a triangle (since the ends of 
Ihe prism are parallel, the resultant forces act in one plane), which 
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triangle has its sides perpendicular respectively to the sides of a right 
section of the prism ; Uierefore these figures are similar (Figs. 22, 
23, 24) ; hence 

A «6 : ^'s - A <^k ' «4> 

since the sides of the triangle, Fig. 24, are proportional to the areas 
a^y «4 and a^ respectively, or/g = p^. 
Similarly, 

A = A = A> 

hence the pressure at a point in a fluid is the same in all directions. 





I 



\P6(U 

Fig. 22. 



"^C" 



^^a^ WS^ 



Fig. 23. 




Fig. 24. 



Pressure due to Gravity-. 

In the foregoing, volumetric forces like gravity were not takei 
into account. Consider a liquid acted on onfy by gravity. Ii 
Figs. 25 and 26 are seen a side and front view of a plane are 




Fig. 25. 




Fig. 26. 



immersed in the liquid. I^t the intensity of pressure at depth j* be 
/ (variable) ; then the pressure on a very small area S a is J> S a^ 
and the whole pressure = %pha for the whole area. But from 



Centre of Pressure. 3 1 

« 

the rule for finding J', %yha = J A, where A is the whole area, y the 
depth of ^e " centre of gravity " of the area, 

or 

%whay =z w Ay, 

M w h ay = p S a, (or w S ay =z pressure on area 8 a. 

.•. %pha = UfAy, 

or the pressure on the whole area is found by multiplying /Ae weight 
of unit volume of the liquid by the area and by the depth of its centre of 
^avity below tJu surface. 

Let this total pressure be denoted by R; then/« A = R if/„ is 
the average intensity of pressure, i.e. /^A = w Ay\ or/„ = a/ J, 
anda/jf is the pressure on unit area at depth ^. Hence the average 
tntmsify of pressure is the intetisity of pressure at the " centre of gravity " 
or centre of the area. 

These rules also hold for areas which are not plane. 

Centre of Pressure. 

To find the centre of pressure^ or point of application of the 
f^ltant of all the pressures on a plane area, consider gravity alone 
^ting on an incompressible fluid. 

We saw that R = wltha. Now, if we take two axes of reference 
^^ the plane of the area in question, the axis of y being the line in 
'^hich this plane meets the water surface, the axis of jc a line in the 
plane at right angles to the first axis ; then, since the sum of the 
foments of all the elementary forces about either of these axes must 
^ equal to the moment of their resultant, if the element of area 8 a 
^ coordinates x and^, and if the centre of pressure has co-ordinates 
* and J, and if the inclination of the plane area to the vertical is $, 
^ whole pressure on ha is wSax cos 0, and the moments of this 
about the two axes are 

hawxcos$.x and Sa wx cos O.y, 
so that 

Kx =^ w cos O'SiSa x^y 

Ry = w cos 01,8 a xy. 

The expression 2 Sa x^ is the moment of inertia of the area A 
about the axis of j, and may be denoted by I ; the expression ^Sa xy 
w sometimes called the product of inertia about the axes of x and y. 
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If, then, X and ^^ are the co-ordinates of the centre of area, as 
h ^ X cos tf, we have 

w cos 1 
n'^costfA 



* = Ja' 



and 



J' = 



^A 



We see, then, that the position of the centre of pressure is inde- 
pendent of & — the inclination of the area to the vertical 

Example. — A rectangle inclined at the angle to the vertical has 
one side, a feet, just on the surface, its inclined sides being each 
b feet long. Find the position of a single force which will balance 
all the pressure on the rectangle. 

Here x = -^ and we find from calculation or from a table that I 

2 

of a rectangle about side a is — , so that 

3 

X = , = - /> . 

^ r 3 

- X ab ^ 

2 



and 



R = w X . cos . A 

— w- cos Ba 

2 



= w cos 



/ft 



R is the force, and it is at right angles to the rectangle at a point 
two-thirds of the way downwards, along a central line parallel to the 
side b. It is evident that the centre of pressure is in this line from 
symmetry. If Iq is the moment of inertia of the area in question 
about a horizontal line through its centre, we know that 

I = lo + A {x)\ 

and 

lo = A K^ 

where K is the radius of g}Tation of the area about this axis. 

- AK«+A(:f)^ K« , . 

* V ^ — ^^— — — ^ ■ .-. JL. r* 

Ax X 



e measured parallel lo the axis of x of the centre 



of pressure from the Ci 



K' 



or, if A is the depth of the 



centre of area, this distance is K^ cos fl -^ A, This distance is zero 
ivhen the area is horizontal, and is negligible when x is great com- 
pared with K.\ 

ExanipU. — Find the centre of pressure of, and the total pressure 
■n. a triangular area immersed in water, base 6 feet, height lo feet, 
. ..ise in ihe surface and its plane inclined at 60° to the horizontal. 

I he moment of inertia of a triangle of height h about its base is A -^ 

.. ■ lere A is the area of the triangle. 

I Kh^ k 



In this case the centre of pressure i 
triangle. The total pressure is 



5 feet from the base of the 



'- 62-4 X 50 ^3 



62-4 X 10 X 

-- 5403'8 lbs. 



• Another law of hydrostatics of importance in studying hydraulic 
nnachinery, known as the principle of Archimedes — capable of easy 
experimental demonstration — that a liody loses in weight by immersion 
in a liquid an amount equal to the weight of Ihe liquid displaced, may 
be proved as follows : — 

Imagine a portion of the liquid mass to become solidified without 
change of weight or volume : this portion is at rest under the action 
III ihe surface pressures and its own weight, hence the upward re- 
iilMni of the surface pressures must be equal and opposite lo its 
■■ i.ifiht, and roust act through its centre of gravity. If this mass be 
■■.■]il3ced by one exactly the same in size and shape, but of, say, a 
i'.ai-ier material, the surface pressures are the same as before, hence 
1'. 100. is subjected to an upward pressure equal to the weight of theU 
r-oition of the liquid displaced by it. 




LINES OF FORCE AXD EQUIPOTENTIAL 
SURFACES. 



Zua cf ft'TCf in i imA ax sacfa dot the A e tli on of any one rA 
tbon <iKnr5 the diiwtiaB of resolont force od a putklc of the fluid 
tbeie. 

If X ftoiti vere acted on br gnntr oalr. tJbe Hnrs of Ibice would 
he radiil to the centK of ifae caidk and a scxits of cams cutdng 
tbese liaes onbosonallr soold gCDente by Kiulliuu a series of 
<»rA'*x£;^' jarfA^tf or ~lnd~ mr&ces. Eqnpotartnl or lerel 
EEinces arc iheietore. in ibe case of gnviiT. neaLrir ^ p heriral smfiu^ei. 
Soul] porcoDs of ihe lines of tbrce max be okoi as parallel, and 
tbc smr^^es appear as pLine sai£h.-ie3« To pcove dnt 



Li-ri?OTEXTlAL SVTlFAvES ARJ SITLFACIS OF Et^AL PK£SSL1tE 

Since »e are atost cvmieraeii with 'iiai class of fluids called 
ticuics. cKisJict i prism of a licuiJ a: ws reiicre to die rest of &»t 
liczisi. Le; j i>e ii»e Aiea o:' tiriwr eaj \ Fif. ^7 >. Tbe end ptessures 
izt: ae siase. ibe kie :.>:ves i>rv.i»!ai-:rg no edect eodvise, boice d»e 
ti:ts of rx sie pnssuvs jr^ at li^ ai^W m tbe axis of the 





jfV" i-i. a ^iae m" :or.~e ijunic ia i-.iwvtion ,;s i-'rw of (be resultant 
fanes :c rii sBJt* oi" die jwisni' is ixM}>fiiv;iv-^',ar :o an equipotential 
as la e-,;aipc«M>ii») sairhv. tSewfore. Aeie b bo fbice 
a puocV in dte liUnvtion ot oc j^kNaj:. the s 



I C D (F^ sSt be lines of fowv. B C and AD 
If a loKiirk u::s akng A B it 
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stores energy in itself eiiual lo F, S, ; F, being ihc force acting on 
it. and S, the distance A B. 

It passes from B to C without effort, passes up from C lo D, 
\pending an .imounl of energy Fj Sj in doing so, passing from D 
: ) A without effort. 

On the whole no work is done, the jiarticle arriving where it 
-i.irted from. Hence _ 

F, S, = F^ S.. 

As F, S| is the work stored up in the body in falling from the one 
e([uipo[entia1 surface lo the other, F, S| is the difference of potential 
of the body in the two positions = the work 
done on the body in moving it from the first 
lo the serond position. 

The potential energy of i lb, of matter is 

called " potential," denoted by the letter V. 

Let V = the poteniia! energy of i lb. 

of the stuff in the lower 

level surface (Fig. 29). 

V + S V = the potential energy of i lb. 

of the stuff in the higher level surface, 
fi V = the work done in lifting the i lb. from lower to 
higher level surface along a line of force. 
\ Jf gravity alone acts 

Take little prism of base area a, height AD; its volume is 
|l. AD. If F = force on i Ih. of stuff, w = weight of unit volume 
pay number of lbs. in i cubic foot). 

n . AD .w.F = total force on prism, 
"(P -h ^P) = force on one end, 
up K force on the other ; 




Fig. If. 



.S/>n 



it balance the effect of F. 
.-. a.np=-a.\Vi. 
- S;» = F . A D . V 
F . A D = S V, 

AD 



'"AD-"' 
- S/ = wSV, 
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a most important result, to be carefully remembered. It shows that 
the change in pressure is proportional to change in potential. 

Here w is constant, showing that the density of a liquid between 
two surface levels is always the same. 

It follows, then, that a level surface is 

an equipotential \ 

an equal pressure I surface. 

an equal density ) 

If gravity alone acted, 

or ^ ^p ss w B h, 

i. e. change of pressure is proportional to change of depth, it being 
assumed that w is constant. It is usual to assume w constant for 
water, but this is not absolutely accurate. 

— 8/ = a/ 8 ^, whence — / = a/X^ + a constant. 

Let ^ = — H, and let H represent depth in feet. 

— / = — a/ H (together with a constant, which may be negative). 

.'. / =t a; X H+r. 

Let / - A when H = o. 

Then/ = «/H +/o, or/ — /q = a/H, a well-knowTi result. 

If /q = o when H = o, i. e. if we neglect atmospheric pressure, 
/ = 7£/H. For water to = 62*4 lbs. H being in feet, / is the 
pressure per square foot, which = 62 • 4 H, or the pressure per square 

mch (/) due to a depth H = H = . 

^ 144 2-3 

The actual law, taking the change in the density of the water into 
account, is 

/ = 43-2 X io'*{€*^*«- i}.* 

Liquid whirling about an Axis. 

Consider i lb. of liquid at P a distance of r feet from the axis 

(Fig. 30)- 

Let a be the angular velocity in radians per second. The 

centrifugal force on the i lb. is — , (since mass =-). The force of 

gravity is i lb. Therefore the resultant force on the i lb. of 
liquid is 

* See the author's ' Numerical Examples in Practical Mechanics,* p. 194. 
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v/ 






+ I, tan tf == 



ra.' 



g 



The slope of the line of force is 
here negative. 



- tantf = 



ra" 



g 



dy 



a* 



It 



or 



y=Zl^ + C. 



Hence 



g 



(y-c) = logr, 



*x<i 













Fig. 30. 



or the /ints offoru are logarith- ' 
mk curves. 

The student will find it a useful exercise to draw some of these 
curves. Suppose, for instance, we wish to draw the line of force, 
which cuts the horizontal axis O R in M (Fig. 31). 

Let J' = ^whenr = O M, and 

we find for c the value -^^ logf 
M. In fact, our equation 

(2) ^ = ^logr + ^ 
becomes for this line 

(3) y^-^^og,—^' 




Fig. 31- 



The following instructive example has been worked out by 
Professor Perry. A mass of water makes half a revolution per 
second about a vertical axis. Draw the line of force which passes 
through a point 4 feet from the axis. 

Here a = ir, ^ = 32*2, O M = 4, all dimensions being in feet. 
He has taken the following values of r and calculated the correspond- 
ing values oiy from (3), 



r 


1 

4 


3*5 
•4357 


3 


25 


2 


I'S 


I 


OS 


o'3 


0*2 


O'l 


y 





•9386 


I -5335 


2*2614 


3 '2001 


1 

4-52286*7840 

1 


8-4552 


9 '7740 


12*036 00 

1 
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The student should remember that the ordinary logarithm 
iLnber must be multiplied by a ■ 3036 to get the Naperian logai 
r logarithm to base e) used in the above equation, 
may be put thus 

O M , , O M 

: 2-3oi6 1og,„— — . 




The numbers in this table when plotted as the co-ordinatt 
points on squared paper, and the points thus found being jo 
(Fig. 31), the curve dd is found to be the line of force requf 
the upper and lower parts of it being omitted in the figure. 



Vertical Level Surfaces. 
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By displacing this line vertically we get all the other lines of 
force shown in the diagram. One such curve being drawn and a 
template cut from it in cardboard, the whole series may readily be 
dra\%Ti by displacing the template vertically. 



Equipotential Surfaces. 

We have seen that the surfaces of equal pressure are everywhere 
at right angles to lines of force. If then r and y are the co-ordinates 
of a point on the line in which an equal pressure (equipotential) 
surface cuts a vertical plane through the axis, the tangent of the 
inclination of this line must be equal to minus the co-tangent of the 
inclination of the line of force at the point, and hence 

dr z 
d~y 



•1 * 
or r 



or 



The integral of this is 



— r .dr = dy . 
g 



(4) ^, = ?-i: + c, 

2g 



where C is some constant. 

This equation belongs to a parabola, and the surfaces of equal 
pressure are paraboloids of revolution with their vertices downwards. 

^ Fig- 32, A A and B B show the sections of these surfaces of 
equal pressure calculated from (4) on the assumption of a speed of 
half a revolution per second. The parabola A A is dra\v'n by making 
y =^ o when r = 0^ hence C = <?, and giving to r the values below. 



r 


4 
2-452 


3 
1-38 


2 
0*613 


I 


0-5 





y 


0-153 


0*038 






Vertical Level Surfaces. 

Since centrifugal force acts radially, the equipotential surfaces for 
it wiD be concentric cylinders with the axis of rotation as axis 
(Rgs- 33 and 34). The centrifugal force acting on i lb. of the 
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a^r 



Stuff is ^=-^ where a is die angular velocity. Foice x distance 
work done, hence 



f— 



'I 



Fig. 33- 



V^ 



w^^ 



<'Ri — » 



R, 



Fig. 34. 



g 



X«r = «V 



-.S/svSVss 






.dr. 



We may assume w constant for water, hen 
int^;iating 

(a) / s SET 4- a constant 

^ ^g 

If r or a is large enough we may negl< 
gravity. 

Let/ = A when r = R^ (Fig. 34). 

»tt»Rt» 



.-. A = 



2^ 



+ a constant 



^ wa«Ri« 
.'. the constant = /j ^» 

and equation (a) becomes 

w c? r^ w €? Ri' 

08) P^-r:r +A- 



^g 



^g 



or 






Similarly 



/-A = ^('^-R2^). 



2^ 



r£'a' 



(y) .. A-A = — (V-V>. 



When at the axis R^ = <?, A = ^> ^'^d from equation (^) 



.'. / = 



2^ 



= IV X ^<i^, 



smce 



«;» 



a^r^ =i v^ and — = head A, due to velocity f. 

^g 

Inside a centrifugal pump a mass of water is made to rotate 
the above way, and if we neglect the fajct that the water is res 
moving radially, or if we suppose that the pump is merely used 
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create as great a pressure as possible without any water flowing, and 
if we neglect frictional resistances, we can calculate from this nile 
what is the difference of pressure at the inner and outer circumferences 
of the revolving part of the pump. 

We shall see afler^'ards that this is not the total difference of 
pressure available in a centrifugal pump, because there is always a 
space outside the inner wheel in which the rotation is not of the 
above kind, but in which there is a further gain of pressure. 

The importance of having a space outside the inner wheel w 
first shown by Professor James Thomson, and the enlargement of 1 

(space constitutes the basis of his patent. 



VII. 

FRICTION OF WATER AT DIFFERENT 
VELOCITIES. 



A PERFECT fluid cannot exert tangential forte or stress. Actual ] 
tluids, with which we have lo deal, do exert tangential forces ; for ' 
instance, water flowing through a pipe tends to drag the pipe along 
with it, on account of friction. In all actual fluids there is viscosity 
or internal friction, but if the relative motion is only slow enough it 
makes little difference whether the fluid is viscous or not. 

Ordinary fluids will change in shape under the action of a force, 
however small, if you only give time enough for the change to take 
place, and the rate of change of shape under a given force is a measure 
of the viscosity. 

^Vhen a fluid flows between two infinite parallel plane surfaces, 
it is not known with certainty whether the particles very near the 
surfaces move or not, probably the velocity is infinitely small at an 
infinitely short distance from the surface. For instance, the velocity 
at different points in the section of a river has been ascertained with 
some degree of accuracy. 

A Commission of the United States Government found from very 
exhaustive experiments, that in a longitudinal vertical section of a 
river the velocities, if represented by horizontal lines, formed the 
abscisste of a parabola with its axis parallel to the surface, and 
passing through the point of maximum velocity, which is situated 
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at about "3 of the depth below the surface. An up-stream wind 
increases, and a down-stream wind diminishes the depth of [his point 

The velocities in a horiwintal section also follow a parabolic law, 
the vertex of the curve being, as before, at the point of greatest 
velocitj-. 

This and most other things in hydraulics can only be settled by 
experiment ; the student will do well to distrust all laws or fonnidtt 
which have not received experimental verification. 

The above assumption in regard [o the particles touching the 
solid surface being at rest, involves that of a shear strain of the f 

Thus, if a plane surface be moved through a liquid like water, 
Fig- 3Si neglecting the effect produced by the ends, if the wetted 



be A the force necessar)' to keep up a low velocity v is proportion 



Mr. William Froude made many experiments with plates having 
sharpened edges, which were drawn through water in a long tank a' 
different velocities, the force necessary to thus move them being ol»- 
served. Eliminating, as far as possible, the end effects, the force F 
was connected with V, etc., by a law of the kind, F = fi AV". This 
law should, however, be used with cautior, as it is discontinuous. 

Using Fronde's results, we find that /i has the value -oosa fijr 
clean varnished surfaces, and '00456 for medium sand-paper, A 
being in square feet, V in feet per second. F is in pounds, and n ii 
I "85 for smooth surfaces, but I'g to 2*1 for rough surfaces. Il 
might be ihought that a result nearly correct would be obtained by 
taking ti = a, since the actual values are so close to that number, bitf 
a trial will show the student that using « = 2 for smooth suriaces 
makes the coefficient ;i double of its actual value. Professor Unwim 
carried out very important experiments, by causing discs of different 
kinds to rotate in water and measuring the tendency of the containing' 
vessel to follow the disc. He obtained in this way results very similar 
to those of Froude. Professor Perry, for a similar purpose, used d* 
apparatus shown in Fig, 36, where a hollow cylinder F. supported bjr 
a wire and cajwhle of moving with a motion of rotation round thi' 
;, dips into water or other liquid contained in the anni 



e annulatl 
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qace between D and E. The vessel D D E E was rotated at dif- 
fi;rent si>eetls. and ihe amount of torsion of the suspending wire, 
showing the moment necessary to balance the tendency of the sus- 
l«.'nded tyllnder to rotate, i 
observed in each case. ] 
vi^tj* low speeds this r 
iot F) seemed to be propor- 
tional to the velocity, whilst 
fai higher speeds it was nearly 
jvoportional to the stiuare of 
velocity, there being a want of 
continuity in the law. Many 
experiments with oils at vari- 
ous temperatures were also 
niade. Values of log F and 
log V being plotted on squared 
psper, gave the lines shown 
'" ^%- 37 ; 'he first, being inclined to the a 
'iic second nearly agrees with F oc V^ 

Professor Osborne Reynolds has made probably the most careful 
^iperiments on this point yet completed, He caused water to flow 
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ihrougli glass tubes at iliffereiit velocities. The tubes were about 
4ifeet long and fitted with bcli-shaped mouthpiecesw, w, ff( (Fig. 38). 
Water flowed through the tubes from a tank, the head being varied at 
wiU. A liule aniline dye was introduced into each by a pipette s. It 



I 
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was found that up to a certain velocity the coloured band extended 
uniformly along the tube, as at {a), but as the velocity was increased, 
at a certain velocity the band of colour became disturbed, as shoMu al 
{h). When examined by an electric spark, the colour band was found 
to have become broken up into eddies, as at {i). The sudden change 
in the law is very clearly shown by plottmg log F and log V M 
^^ already explained, this method being due to Professor Reynolds, 



Ur 



lal 



Id 



— ^li^^Xfeiair:' 



Fig. 3S. 



The results seem to point to the dissipation of energy in the fot- 
mation of eddies at this " critical " velocity, when a change occur i" 
the law of flow, just as in the case in which a sudden change in 
the direilion of flow is produced. 

Professor Reynolds found that the critical velocity at which this 
sudden change in the index of V takes place depends upon the tem- 
perature of the liquid being lower for higher temperatures. His 
results give the following law : 



^<^ifi^ 






where A and B are coefficients, D is thi: diameter of the pipe, 1 
the resistance per unit length of pipe. If metres and degrees 1 
Centigrade are employed, 

A = 67-7 X 10°, B —■ 396 



and 



r(. 



■0336/+ ■ 



^i% 



t being the temperature. 
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Also, the critical velocity Vc is given by the rule 

he index « is i up to the critical velocity, afterwards it is i '722 for 
ad pipes, I ' 7 for the smoothest pipes, reaching 2 when the pipes 
^ere roughest. 



Professor Reynolds' Rule in English Units. 

Professor Osborne Reynolds' results are expressed by him in the 
formula (in metres and degrees Centigrade already given) ; 



A ^ D3- 



n 



' being the resistance per unit length of pipe expressed in (weight of) 

h 
cubic units of water. / is therefore the slope = — , and independent 

J-/ 

<^f the units chosen. 

To change to British units. 

Let ^ = 3* 2809, the number of feet in i metre. 

d 
d in feet is given by D = - • 

V 

V being in feet per second. 

A = 67-7 X 10® 
B = 396. 

h B»P2-« I /Vx** 






e) 



/B" y P2-» \ V'* 

h = •000706 — r X L 

a 

hen ;/ = 2 ; ^ being the head, in feet, lost in L feet of pipe. 
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Compare this wilh D'Arry's rule, 

/.•oo5(. + ^^). 
Some of Prof. Reynolds' pipes were about i inch in diameter 

■■- /= ■oos(i H ^~r\ 

= -005 X 2 = -oi. 



4/_ 4 X - 



- = '00063 1. 



I 



2g 64-4 

Hence D'Arcy's rule gives I 

k = 'oooeii X -i- X u 

There is then a close agreement when we remember that D'Arc/* 
experiments were conducted only with pipes of larger diameter, and 
hence his coefficient may not he correct for small pipes such as Pro- 
fessor Reynolds used. Also Professor Reynolds' index is in most 
cases less than 2 ; hence his coefficient must be greater than D'Aicjr's 
to give the same result. 

Note that when n = 2, P'"' becomes i, or temj>erature najr 
be neglected, 

Mr, Mair has made experiaients with a i^inch brass pipe, giving 
results agreeittg with the following formula : 



7= ■00031(1 - -o. 



.5 0. 



These and other experiments have been carried out at compan- 
lively low pressures. No complete set of results for the friction of 
water at high pressures has been obtained, but it is generally asstnned 
that the friction is independent of pressure, and that the ordinny 
rules for low pressures are applicable even for such pressures as we 
have in hydraulic power mains. Observations of the pressures in 
mains at different points seem to confirm this assumption. 



FLOW OF WATER THROUGH ORIFICES. 



Flow c 



Water 'ihrough Oriffces. 



When water flows from an orifice, say in the vertical side of a vessel 
which is of large dimensions com[Mred with the size of the orifice : if 
the level of the water be kept at a given height — h' feet — above the 
centre of the jet, the velocity of the issuing water, if there were 
absolutely no physical resistance to efflux, would be that of a stone 
which has fallen freely through the height ?t\ or 

V = 'Jigh' = 8'o2 V/?, 
f being 32-2. 



y experiments with a jet directed vertically upwards, it has bet 




found that the actual velocity is not quite so great as this, is in fact 

only about -97 of it for well-formed 

orifices. 
^L Now the discharge Q should fol- 
^Bpw the rule Q = A v, A being the 
I area of the orifice, but by gauging the 

actual flow it is found to be not much 

over half this in many cases, on ac- 
count of the contraction of the jet at 

a point such as «, Figs. 39 and 40, at 

which the stream lines arc most nearly Fig. 39. 

parallel. It is at a point such as this 

only that our rule Q = A !■ should be applied. The ratio of the area 

of the jet at this place, to that of the orifice, is about ■ 64 for small 

sharp^dged orifices ; hence for such cases 

Q = -97 X -64 A ^2^ A' = -62 A Vj.i,'''''. 

The general rule is Q = f X A V a ^r^ where c is the coefficient 
of discharge. 

Many experiments have been made to determine this coefficient 
for panicular shapes of orifices, and at different velocities of flow. 

In the case of the re-entrant mouthpiece of Borda, shown at B, 
Fig. 40, Mr. Froude has shown experimentally that the coefficient of 
contraction, as found from theoretic considerations, is correct. The 



J 
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force on a valve closing the orifice \% whK. This should be equal 
to the momentum generated per second in the issuing water, which is 



f 



I 

s 



s 



Iv 



g ^^^^vss^^^^v^^vV 




• • 



Ih 



fb 



>k^^\^^s ' Sk^\V^vVv^v^^^^^^N^^^^k^^^^^^ 



r^ 



Fig. 40. 

mv^ox — 7a V. But Q = av where a is the area of the contracted 
jet. The momentum is therefore 

i 
assuming v^ = 2gh. Hence 

7v h \ = 2wha^ 

or A = 2 <7, 

the coefficient of contraction being J, and the coefficient of discharge 
is also often taken as about J. 

In sharp-edged orifices it diminishes slightly with increase of 
head, and also with increase of area of orifice, being more nearly 
independent of h in the case of large orifices. 

For circular orifices it varies from -64 to -59 (^ i foot to 100 
feet, diameter of orifice * 02 to i foot), square orifices giving almost 
the same values, and rectangular orifices * 63 to • 6. 

For well-shaped rounded orifices the value varies from '64 to i, 
depending on the closeness of approximation to the natural shape of 
the stream. 

In pipes the flow is usually calculated on the assumption that the 
resistance due to friction is proportional to v^. 

D'Arc/s experiments are perhaps the most complete guide we 
have, and his formula, based on the above assumption, with a 
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properly varying coefficient, may be applied to a considerable range 
of velocities. 

There is no very satisfactory formula for rough pipes, as the flow 
depends very much on the degree of roughness of the surface. 

The Hydraulic Gradient 

One of the first things to decide in questions relating to thejflow 
of water in pipes, is the " hydraulic gradient." An example or two 
will best explain this. 

Suppose the water in a reservoir to stand at a constant height ^, 
shown in Fig. 41, then if a horizontal pipe were fitted, as shown, with 



k 



*•- *• 



% 



t----- ^ 



Fig. 41. 

vertical tubes, when the pipe is closed at a the water in these tubes 
would stand to the height h if the tubes were long enough. When 
the pipe is opened at a and water flows through it with a steady 
velocity, the height of the free surface of the water in the tubes will 
be that of the dotted line a b. This line is called the " hydraulic 
grade line," and its slope the " hydraulic gradient " or virtual slope. 



! 




Fig. 42. 

The height of the water in each tube shows the hydraulic or 
**pressure " head, by American writers called the " piezometric " height, 
to distinguish it from the " velocity " head or from the hydrostatic 
beail shown when there is no flow. 

Many interesting cases might be taken up. For instance, if a 
point r in the pipe /^ a (Fig. 42) rises above the straight line a b, the 
water in de will now stand to the height ^, the flow at c must be 

E 



f 



I 



I 
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calculated from the hydraulic gradient be, and the pipe ta having a 
stwper hydraulic gradient than be will, if of the same diameter 
and roughness as the rest, not have sufficient flow in to keep it full, 
but will act as a trough. 

We might say that if the pipe were air-tight the pressure at t 
would he less than atmospheric by an amount represented by the 
height from e \a n b measured downwards ; but in practice air will 
accumulate and spoil the siphon action. 

Hence no point in a pipe should rise above the hydraulic grade 
line, if it is to nm full. 

The water in a [uhe at e will not stand above the pipe, and if a 
branch pipe be taken oil" here, a valve closing its end will sustain 
about atmospheric pressure. 

If a pipe varies in section the hydrauiic gradient will be cor- 
respondingly affected. This will be seen in Fig. 43, where a pipe of 
large diameter joins one of smaller di 



It is evident that the gradient must be steeper for the small pipe 
tlian for the lai^ one, the discharge of both being the same. It 
will be best to give, first, one or two of the rules usually adopted 
in making such calculations. 

RCLEs FOR Flow of Water is Pipes. 

Tlie rules deduced by D'Arcy from a very complete and exhaustive 
series of experiments carr^d out at the Paris Waterworks, may be 
put simply thus. 

The head wasted by friction is proportional to the length of pipe 
to the square of the velocity of flow, and is inversely proportional [o 
the diameter of the pipe, or as a formula 

I. , '■' I- 






(•) 



The rule is given by D'Arcy in a somewhat different form. Thus; 
h<i found that the loss of energy of the water per pound (or loss of, 

head) was/x —t- times its kinetic energy (^ V where /is a co-. 
efficient = '005 ( i H ^1 for clean pipes, and = -oi ( i H -A 
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for encrusted pipes. This really amounts to the same as ihe simpler 
formula (a). Values of X are given below calculated from D'Arcy's 
rules. 

It must he home in mind that D'Arcy's coefficient has been 
cletermined mainly from exiieriments on smooth pipes of somewhat 
small [)ia meters. 

The following are values (for smooth pipes) of 



k = 



"5(- + lf.)5^}. 



Values of A. 

0003623 
0003493 
0003416 
0003363 
0003313 
0003178 
0003234 
0003192 
0003171 

For rough pipes the coefficient is double that here given in each 

given, but D'Arcy's is the simplest and 

s, in English measures (unit of length 

ia also been a good deal used, and tables have been compiletl fron: 
Kby Professors James Thomson and I'uller for pipes from 3 to 70 
s in diameter, and velocities from 2 to 7 feet per second. 
I- Neville's and other tables have also been extensively employed. 



Many other fomiulse ar 
s been much used. 
Weisbach's law, which 



Hydraulic Gradient tor Pipes of Varving Diameters. 

iThe consideration which gives us tlie height required here 
;, 43) is that the flow through ali portions of the compound pipe 
3 be the same. 



I 



52 Hydr^iulic Machinery. 

One example will show how the matter may be taken up. In 
Fig. 43, let A, = 50 feet, he = 500 feet, ca = 500 fe;t, diameter of 



Fig. 43- 
6c I foot, that of en ^ foot; find the hydraulic gradie 
Neglecting the head wasted at c, D'.\rcy's ruk'S give /< = A — 

Q = - iPv, whence, eliminating r*, 

_ rf>/i X -616 



and Q, hence Q^ is the same for both, 

A for 6-inch pipe = '00036, 
A for i-foot pipe = -000336. 



' X (50 - ft-i) X ■ 6: 
500 X -000336 



. (-5)" X^a X -616 
500 X -00036 ' 



I 



from which k^ = A'^'Sl f^^'- 

Example i. — At a point in this pipe where the grade line is I 
20-289 feet above the pii>e, a horiisontal branch pipe 3 inches in f 
diameter and 1000 feet long is inserted. Neglecting any ch 
thereby produced in the hydraulic gradient, find the population that ' 
this pipe will supply at the rate of 20 gallons per head per day. 



qV^^ 



X 20-289 X -616 

00 X '000414 



1716 cubic feet per second, 



or, since there are 6^ gallons in one cubic foot, the discharge is 1*07 
gallons per second, that Is, gZjSsi-j gallons in twenty-four hours, 
which, at 20 gallons per head, will supply 4642 persons. 

In these examples the total head is supposed to be utilised in 
overcoming friction, but the head necessary to give I 
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i-elocity is neglected. For even 2 feet per second it is only -^ foot. 
Taking friction at e into account, the gradient will really assume 
some such shape as /km a; the distance km can readily be found 
from the data given on page 60. 

Example 2.— Calculate the proper diameter for a pipe to supply 
100,000 inhabitants at the same rate, the distance being 5 miles and 
the slope of the hydraulic gradient 1^°. (Here a likely value of k 
must first be assumed, say that for 6-inch pipe.) Ans. '5001 foot. 

In these examples the coefficient for smooth pipes has been taken, 
but if ihe flow is to he maintained when the pipe becomes encrusted, 
it is better to use that for rough pipes. The maximum velocity of 
flow in town mains should be from z to 7 feet per second. 

»Fi.ow (jF Water in Larue Pipes. 
In D'Arcy's experiments only comparatively small pipes were 
used, none being over i foot in diameter. It is therefore very 
doubtful whether his rules are applicable to large pipes ; his assump- 
tion that the first power of the diameter only is to be used seems 
wrong. For rough pipes it is exceedingly difficult to obtain a 
formula which will give even approximately accurate results for vary- 
ing degrees of roughness. 

Hagan in 1854 suggested an empirical formula, j= --p- , in 

which the three quantities m, r and x, representing the effects of the 
three principal causes of variation of resistance — viz. roughness, 
\clocity, and diameter — were to be determined experimentally. 

In a series of articles in ' Industries' for 1886, Professor Unwin 
^ve, in curves, the results of a great number of experiments pre- 
"' nisly made by many observers, and deduced the values of the con- 
ints referred to. His method has the great merit of showing wluit 
iation in resisLance is really due to each of the three factors, and 
f formula he gives is-- 



tot being the unit of length. 
f Mr. H. D. Pearsall has shown that this formula may be regarded 

giving the resistance for a// pipes of large diameter and in good eon- 
\, rather than the more restricted application to riveted wrought- 

1 pipes which Professor Unwin suggests. The pipes varied from 
tfooi to 4 feet in diameter. Many of the experiments from which 
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the nile is deduced are descrihetl in detail by Mr. Hamilton Smitb in | 

his 'Hydraulics.' 1 

The formula also agrees closely with results of subsequent ex- { 

periments at Seville and Hoboken on pipes 20 inches and 21 inches j 

This fonnula is only approximately true if the pipe be very I 
smooth. Sufficient data for accurately determining the flow of water I 
in large pipes are not yet available, but it is best to allow a margin | 
for excessive friction, and to guard against repeating such an cspen- | 
sive mistake as that made recently at Newark (East Jersey Water Co.), ] 
U.S.A., where about 2i miles of riveted steel mains have to be j 
duplicated, the flow being not more than 70 per cent, of that ex- \ 
pected. The projecting lap Joints and rivet heajjs caused consider- 
able hydraulic resistance — probably nearly equal to that of nnigh 
pipes. 

For very rough pipes the index of v is about a. and that of rf i ■ 1, 
the coefficient being -0007 ; but these numbers vary with every dif- 
ferent class of pipes. The index of d is, however, always greater than 
I, showing that an increase in diameter is of more importance in 
reducing frictional loss of head than DWrcy's rules seem to indicate. 

As a useful example, the diameter of pijie required in the above 
case may be calculated, the slojie being about 2 feet per 1000 
flow necessary 77-37 cubic feet per second (50,000,000 gallons pa 
24 hours). 

First, by Unwin's formula for rough pipes, 



Q= ■78S4'^-, 



' = ^H-7-8i-4)' 
r 

d= 4 923 feet. 

Second, by D'Arcy's formula for rough pipes, 

/, = iiil-. 

d 
A for 4-feet pipe = '0006. 
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= 4'93 feet. 
I By the simple formula proposed by Mr. K. Sht'rmaii CJoiilcl, 

L- H is fall in looo feet of pipe. 

d — 4 '96 feet, 

The actual diameter adopted was 4 feet, and the flow 34.000.000 
illons per isventy-four hours. If the diamtter is proportional to 

Am. 4\/ -"^ = 4-668 feet, 
34 



fi^, find the proper diameter. 



Flow of Water [s Channels. 

It is found by experiment that the square of the mean velocity of 
flow in channels varies as what is called the "hydraulic mean depth" 
m. i.e. the cross-sectional area of tin stream divided by the wetted peri- 
meter of the section ; and that it is also proportional to the slope (/) 
or sine of the angle of inclination of the water surface. Thus 

b«ng a coefficient which dejjends on the nature of the surface and 
so on the value of m. Thu studi^nt should consult authorities for 
rhe value off. 

D'Arcy and Bazin give the rule, c = ( — — - J , where a and b 

I constants depending on the nature of the surface. 
D'Arcy's values of f for m = 2 are : 

(i) For very smooth surface of cement or wood .. 144 

(i) Smooth ashlar, brickwork or planks 125 

(3) Channels, such as rubble masonry 98 

(4) Channels in earth , . - . . ■ 6a 
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c may be calculated from Ganguillet and Kutter's formula, 

, . I'Sii '00281 
4I-6 + — — - + — -, — 



^ = 



1 + 



(41-6 + -^);;^ 



where «, the coefficient of friction = '0098 for wooden stave pipes, 
•on for cement and sand when set, or for iron pipe, and '013 for. 
ashlar or brickwork. 

With irregular sections n has the following values : — 

In very firm gravel, « = '02. 

Canals and rivers tolerably uniform, and free from stones and 

weeds, n = '025. 
\Vhere stones and weeds are more plentiful, « = "03. 
In channels with surface in bad order, n = '035. 

Some Values of c (Trautwine) for a Slope of i in iooo. 



Hydraulic ' 
Mean Depth j 



m. 



•2 
•4 

•6 

•8 
I 

«'5 

2 



02 



45 
56 

68 

71 

78 

•83 



N S 



•025 



•03 



•035 



34 


27 


43 


34 


48 


39 


52 


42 


56 


45 


62 


50 


66 


54 



22 

2S 
32 

35 
38 

43 
46 



Many practical men use the rule f = 1*23 V/w H, where H is 
the fall in feet per mile ; but this cannot be at all accurate under 
different circumstances. 
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COEFFICIENTS OF HYDRAULIC RESIST AN'CE. 

SiTDDEN Enlargement of Pipe. 
If the cross-section of a pipe suddenly changes, as shown in 

Fig. 44, the direction of flow being from the narrower to the wider 

section, there is a corresponding ultimate 

change in the velocity of flow, since 

velocity x area must be constant if the 

pipe runs full. This change of velocity 
is accompanied by a loss of energy or 
■' head," due to the creation of eddies. 
T"h« rule usually employed to calculate 
this loss is not capable of very satis- j.-. 

factory mathematical proof, but the fol- 
lowing • is probably as good as any : — Let «[ and a.^ be the areas of 
the cross sections at A B and E G respectively, V and v the corre- 
sponding velocities. Let the pipe be horizontal, so that h may be 
neglected. Let/j be the intensity of pressure at A B,/3 that at EG. 

Then the energy per lb. at A B is — H ; that at E G — 

+ — (see i>. 65). Hence the loss of energy per lb., or loss of head, 

ig \w u'l 

where h^ and ^, are the " pressure heads " corresponding to A ^'^^ Pi- 
Now the pressure which acts in the direction opiiosite to that of 

the flow is rtj (/j — /,). This forte may be considered as that which 

caiLses the velocity to diminish from V to v. 

But if a force acts for a very short time, the force, or impulse, is 

measured by the whole change of momentum produced by it. Thus 

the force necessary to change the velocily of \V pounds from V to f 

.. W . 



(V 


- v). Hence 






'=,(A-A)»y(V- 

is the weight in Ihs. of on 


») = '^' (V - '). 


em 


e cubic unit of water. Hence 




llinM of reasoninj; indicate!) 


1 professor Merriman-i • Hydraulics. 




A, - /,, = -(V - I). 
rmting this value of Aj — -^i into equaiion (u), we get 

(V - '■)■ 



(« I'- 



- r-.iy - ') • 



The head wasted in such a case is therefore the height drnteij 
change of velocity. 

Since V = — ?', we may write equation (^) thus, 

/, = (»_j_,Yil, 

( — - I J being calietl tlie coefficient of hydraulic resista! 

It is also easy to see how this loss may be e. 
of the higher velocity V, 



'(-?)■ 



■1)"^ 



I 



and if A = ru, A lieing tiie larger and a the smaller area, 1 

As shown above, F in terras of v is 

F =('-■)"■ 
Similarly, at all sorts of ohstai-les in a piiie. the head wasted 
expressed by the product of a coefficient — called thu coefficient 

hydraulic resistance — and — • 



Sudden Contraction of Arka. 
;Vl a suddenly contracted section a similar, but usuall) 
loss is experienced. 



LllysnaJI 



Sudden Change of Area. 



Lit A, a, and a (Fig. 45) be the larger pi])e, the contracted vein 
the smaller pipe areas, v, tf and V being the corresponding 
■jties, then the loss of bead duelto 
■xpansion of the stream from a to 



vein ^ 



=G-0"^-l?-0 



y-j 




"here / represents the ratio-. Fig. 45. 

It is usual to neglect the very small loss of head due to the con- 
traction of the stream from A to n, hence we get a rule similar 
10 that for a like enlargement, the loss of head being etjual to 

y — , where /is obtained as before, 

M If we take the above small loss into 

^Be of the form/' — ; hence the total li 



ve may a 
of head is 



or the loss is 



{r(|v)"+/v.[i=f^{/j,+/[ = 



^Bdiere F may be obtained by experiment." 

^B In 3 channel, the head necessary to give tlie required velocity 

^^pnns a considerable portion of the total head A, .4 being the 

^^ksd available for overcoming frictional resistances. 

■ 



- = Fx - 



• I do nol know whether tliese law* for lo5s of head due to ihc sudden clittlige 
of BTca have been autheoti cited by any complete and reliable expptimenls. If 
•0 they are worthy of that respect which a stcdy of the usual proofs given of them 
iloes nol inspire, There does nol, for instance, seem lo be any good reason for 
i^fuming aaything of the nature of impact. Energy is waited in eddies set up 
tiy internal friction, yet we deduce a law indeptudeitt of viscosity and seeming to 
iadicate that with a given pipe and flow ihere would be the same waste whether 
^Fttte fluid were lir or water, which is at least very doubtful. 
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^1 or F = -* X 7:f - J ; 




■ "" -'--'-v 




1 - -^- 




1 


H Tlie foUowing table of coefficients of hydraulic resistance includes 1 


H most of the values required in practice ; some usually given, but of | 


H doubtful accuracy, are omitted. 


1 


H Table of Coefficients ok Hvdraui.ic Rksistanxe. 1 
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C«fiefcniofRatitiii« 


EipbnuioD of Srmboli. &C. 


Sharp-edged orifice * . 


■06 






(-J)' 


Referred lo higher vclodiy 


areas a lt> A aa 1 10 r 






(r-l)' 


Refened to lower velod^ 


Sudden contraction of pipe 


(K-1)' 


K given bj the Rusldiiie'* 


being c, times area of vma 
CBHtraclii) 




rule 


K=r,V'a-6i8-r6i8-j5l 






Referted to higher velotitr. 


Cnrved bend or elbow in 


(■oiiS-J- -0186 R)?;^ 


L = IctiRiti of bend nie*< 


pipe 


'K 


suied along centre of pipC 
in feet ; 
R = radius of bend measured 
as above 
(fiom Navier's forniuU) ' 


Surface liiclian of dean pipe 


^/■z 


/=■-(■ +7^) J 


Surface friction of rough pipe 


^r^ 


(D'Arcys rales) 1 


Surface friction of channel of 


as-L , 


m = hyamulic mean depth 1 ^ 


nni/orm seclion 


^-' 


c, a coeffii.icnl (given at p,S6) | 


Sharp bend or knee in pipe. 






■ inclDded angle a = 45" 

1 ;; ,S 


'■36 


1 Action complicated; for- 


{ mul;e not verj satisfK- 
1 tory. 


Sqaare-edged entrance to 


■s 




pipe 






Well-shaped bell-mouthed 


■05 




entrance to pipe 
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Examples. 

I. In a water main in which water flows al a steady velocity, 
nd the pressure at a point loo feel below the hydraulic gradi* line. 
Am. 43 '5 lbs. per square inch. 

3. A pi]>e, I foot in diameter, discharges into one 2 feet in 
^ametcr ; if the velocity in the smaller is 2 feet per second, find 

thelossof head at the junction. Atis. ■ , ■ feet. 

(i6-i) 

3. A pipe, 6 inches in iliameter, discharges into one 9 inches in 
diOKIer, ihe flow being 80,000 gallons per hour. Find the head 
wited at the junction (6^ gallons = i cubic foot). Aus, 3 ■ 35 feet. 

4. Find the horse-power necessarj' to pump 1,000,000 gallons per 
d^'to a height of 200 feet, and through a 6-inch straight pipe for a 
•liSance of i mile. The coefficient of resistance at entrance is o'5, 
anJ that for pump valves, &c., 4. 



1.000,000 gallons per 24 hours = ^ 



6'js X 34 X 60 X 60 
^H =1-85 cubic feet per second ; 

^^K work done by pum{>s per second = 62*4 x 185 x 200 

^^wnrk ner 



+ 6.-4X 



= 9'423 feel per second. 



/= 



■0058 
5280 
J. 



^ work per sec. = 62 ■ 4 x 



:.85)=oo + ,4+.4S+-5)'^} 



and 
HP = 



work done per sec. _ 62-4 X i "85 X 544' i 



550 



550 



114-; 



5. A pipe I foot in diameter suddenly contracts to 6 inches in 

Uameier. If the flow is 5000 gallons per hour, find the head wasted 
11 ihc junction (e,= 1-3). A/is. -025 foot. 

6. In the last case, if the flow were doubled find the wa! 



it the junction. 



imLat the jui 






r foot. 
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7. A clean horiionial pipe is i mile long and 6 inches in diameicr. 
It has three bends in it, each including an angle of iso" and with 
5 feet radius ; also six bends, each of 90° and a radius etiual 10 
twice the diameter of the pipe. Find the head wasted at eniranci;, 
at the iTends, and in the i mile of pipe. Velocity of flow i '965 feet 
per setond. 

f .-^t entrance ■ 03 feet 1 
Ans. I 3 bends '064 „ V 

is ,. -3^0 .> f 

In I mile of pipe, 14'69 feet. Total i5'i44 feet. 

8. In a semicircular channel, 4 feet diameter, ninning full, finil the 
head necessary to give a velocity of z feet per second in i mile of 
channel {c= 100). Ans. a-i feel 

9. Find the coefficient of resistance in the last example. 

Am. 11- 

10. In a clean 6-inch pipe, 1000 feet long, there are four sharp 
bends or knees, one including an angle of 60°, two an angle of 90', 
and one an angle of no". If the flow is 150 gallons per minuie, 
find the total head wasted at the square-edged entrance, at the four 
bends, and in the straight part of the pipe. Aiu. 3 ■ 171 fecL 

11. A uniform channel has the following section: flat bottom, 
8 feel wide ; two sloping sides, each making an angle of 30" with the 
horizontal, the water being 4 feet deep. Find the hydraulic mean 
depth and the flow, if the fall per mile is 3 feet, e = 126. 

Ans. m = 2-488. 

Flow = 283 cubic feet per second. 

Stead V Flow. 

The reader who has followed the foregoing work carefully will 
readily imderstand some of the practical results of Bemouilli's great 
theorem now to be referred to. 

A practical illustration of this theorem is due to Mr. Froude, 
brought the matter before the British Association in 1875. 

Fig. 46 shows the illustration adopted by Mr. Froude, 

The pipe C B is of varying section, and as the velocity in it tnusl 
vary so that Q = ■ 7854 d'' x v shall always be the same, where rf 
is the diameter of the pijje at the given place and z' the veloci^ ol 
the water there, it is evident that at a ii'ider section the velocity is 
less, and Froude's experiment showed that the pressure is greater, 
than at a smaller section if the pipe be level. The pressure tubes 




Fronde s Ilhislratiofi. 



sji 



(I in ihe pipe show water levels corrcsiKinding to the firssures 
at the respective sections, each height in feet in ihe pressure tube 

Iwing — , where / is the pressure of the water in Ihs. per square foot 

ai !(iat setlion, and tc is the wei£;ht of i culiio foot of the water. 



I 



5*_ , Ji» 



It will be seen th,-it the head lost is (neglecting friction) in each 
case the kinetic energy of i lb. of the water, whilst the remaining 
[wtential energy of the i lb. is A, if A B represent the datum line. 



potenlu 

I 



X. 



Ttouilli's U 



s as follows 



constant for each i lb. of water ; 



ERIBL'TION OF ENERGY ALONG STREAM 
LINES. 
oi 
stant being in the figure represented by the vertical distance 
hctween the lines E F and A B. 

The iUustralion shows very well how the total " head " or energy 
is distributed. Neglecting change in level of the pijje, which, for 
pipes conveying pressure water to hydraulic machines is usually 
permissilile, we see that wherever the water flows slowly the pressure 
increases, and where it flows faster the pressure diminishes. 

This fact has a very important application in the case of the jet 
pump of the late Professor James Thomson, which is shown in section 
!!JR8,47. 



• 
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Professor James Thomson's Jet Pump. 

The water whose flow supplies the energy required, enters at 

F. Near E the strenm is f;ontracted, and hence flows with greater 
velocity and smaller pressure, waier being drawn in at R, which 
forms the suction pipe of the pump. At E ihe streams unite, and 
they are discharged together at D. Evidently this arrangemein 
only gives a certain — not very great — diminution of pressure ai E 




as compared with that at F and D ; hence, if we wish the pump to 
draw water, say from a well or marsh, the pressure al P should be 
atmospheric, because if the pressure at D is high, it will be impos-' 
sible to reduce it at E below that due to the atmosphere. 

pRoop oi" Law of Constant Enekgv. 

Imagine a very small mass of water flowing along stream lines, 
as shown in Fig. 48. Imagine it to be a frictionless fluid acted on 
only by gravity. Let a lie the cross-sectional area of the liHlc 
column, its length being S s, the velocity and pressure being v and f 
at one end, v-\-^v and/+ B/at the other. Since force = mass x 
acceleration, the resultant force in the direction of the stream lube is 



L 



^8'- . 

Since the force of gravity resolved along the stream tube, together 
with the resultant of the pressures on the ends of the column, is equal ' 
to the acting force, it must equal that represented by the above ex- 
pression. 

The resolved part of gravity is icaSs cos a, the resultant h 
pressed force in the same direction is/a — (/+ S/) a, hence — 

- rt 8 J 1^' = W .1 8 J cos a +/B - (/ + S/) rt. 




Bernouillts Law. 



Dividing across by- 




Fig. 48, 
We have taken 8 i any small element of length ; take it such ihai 
— = ff, also let 8 f cos a = — %h; then our equation becomes 



-vhv + 8-4 + 



8/ 



Letting the quantities become indefinitely small, and integrating, 
we get 

— + /i + (—= constant . . . . fi) 

Or in the case of water 

/ 



- -k-hA 



i?) 



These terms may be called respectively the kinetic, the potential, 
and the pressure energy of the i lb, of water. 2*3 jJ may be written 

for — where / is the pressure in lbs. per square inch, f being 



the pressure in lbs, per square foot, and 5 
I cubic foot. 



the weight in lbs. of 



I 
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The term " pressure energy " has been objected to, and the nature 
of an objection which is ui^d will be gathered from the following 
illustration :— 

Suppose that a strong bo\ is filled with water, and that by screw- 
ing a small screw into it wc produce a great pressure/ in the water 
Are we justified in regarding every pound of the water as being pos- 
sessed of 2*3 / foot-lbs. of pressure energy, or energy due to the 
pressure/? No. For if we open a valve and allow the water to 
escape, though there may have been a great pressure / just for a 
moment, the pressure almost instantly dies away, and the water Bow-s 
out quietly and almost without energy. Evidently each pound of 
water possessed very little energy. It is the question whether or 
not the state of pressure wili continue, and a steady flow al that pres- 
sure be assured that determines our right to call this kind of energy 
" pressure energj'.'' i 

Suppose a man has a certain income, say from a sum invested in 1 
British Consols, and suppose you are perfectly certain that this i 
income is constant, this certainty constitutes the income a store of ' 
wealth and a saleable commodity. To say that a man makes a 
sovereign a day is not of much importance, anyone may do thai once 
in a while, but if he has a regular income of one pound a day that' 
makes him an important member of society. 

For a like reason, if we establish in communicating pipes, by 
means of pumps or other mechanism, a working difference of pressure 
at two points A and B, and if we know that this difference is likeljr 
to be maintained and is a thing we can depend ujion, then we know 
that the flow from the place of higher to Iliat of lower pressure will, 1 
in a given pipe, be the same at all times, and the same amount of j 
work can be got out of the water every minute. \ 

Leaving out of account for the moment the question of how the 1 
difference of pressure is produced, the certainty of that difference of , 
pressure being maintabed and a steady flow available, constitutes our 
right to regard each cubic foot or each pound of the water as pes. 
sessed of energy which, like any other kind of energy, has a com> 
merctal value. Under these circumstances, therefore, the term 
" pressure energy " is a convenient one. 

Thus each pound of water at the pressure of the atmosphere pos- 
sesses 14-7 X 2*3 = 33'S ft.-lbs. of pressure ene^y. It would hare 
the same store of energy if at zero pressure and a height of 33 -8 feet. I 
One cubic foot of water, at a pressure of 700 lbs. per square inch, 
possesses 62'4 X i*3 x 700 = 100,464 ft.-lbs. of pressure energy. 
If, then, a person receives per minute from a hydraulic power 



L2^ 



Average " Rotation r 



a? 



company loo gallons of water at a pressure of 700 lbs, per square 
inch, he receives every minmu 1000 x 2"3 X 700 = 1,610,000 fl.-lbs. 
of energ}- in the shape of pressure energy (since i gallon of water 
weighs 10 lbs.), which is equivalent to '- — - 



33.0 



.S"8 horse-power. 

He may also receive a little energy in the shapes of potential and 
kinetic energy, hut this amount is so small compared with the enor- 
mous store of the energy due to pressure that it may be neglected. 
Thus, take i lb. of the water, imagine it to be moving, when received, 
at a velocity of 2 feet per second, and that it is 40 feet above the 



(latum level. It possesses 40 fl.-lhs. of potential energy, 

^ = — ; fL-lb. of kinetic energy, and 2-3 X 7' 

of pressure energy. Evidently the ]>ressure store is the only one of 
mach importance. 



64-4 
or j6io ft.-lbs. 



f Change of Energy at Right Angles to Stream Lines, 
Average "Rotation." 

TTie law for change of pressure along a stream line is given at 
page 65, the total energy of unit weight of the water being always the 
same. Let us now inquire what is 
the law for change of pressure as 
wc go at right angles to the direc- 
tion of flow. 

Consider a small prism of the 
fluid in a stream tube, its ends at 
right angles to the stream lines, as 
n in Figs. 49 and 50. Let it 
B unit depth at right angles to the 
, and thickness (or breadth) 

■ Along stream lines the pressures have been considered (p. 65). 

i At right angles to the stream lines the forces acting on the prism 

pdue to — 

1.(1) Inside pressure / — 8jt. 

^"(3) Outside pressure / -(- S/. 

(3) End pressures (their outward component = / 5 ^, as will be 
seen from Fig. 5:). 

(4) Ceiitrifiigal force. 

^m {5) Weight of block (inward component of). 
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^ j^ ^1 0^ St ^ AM 

The mass of the prism is — ^ *— , its velocity being r, the 

centnfugal force (4) xs - . 









4^ 




*■ ^ ^ 



Fig. so. 




Fig. 51 



(i) is (p-S/^)(r''Sr)8i>. 

(2) is (/ + «/) (r + 8r)8^. 

(3) is / . 2 8 r . 8 <^. 

(4) (as above) t . ^^^-^^^'^. 



r 



(5) is r 8 <^ 2 8 r «; sin 0, (Fig. 49.) 

There is no motion at right angles to a stream line. 

. • . The sum of the above forces = o. 



7r^ r 8 . 2 8 r . a; 



+ (/> - 8/) (r - 8 r) 8 «^ +/ 8 «^ 2 Sr 



r g 



or 



wv^ , 2 8 r 



+/r-/8r-r8/ + 8/.8r+2/8r 



=:pr+pSr + rSp + 8p.&r+ 2 r.w .SrsinO, 

whence, cancelling, we get 

7av^ Sr 



r*g 



— 8/ = 8 r . Z£/ . sin ^, 



or 



hr gr ^ ' 



Change of Energy across Stream Lines. 



(by differentiating law for total energy constant, gii-en at p. 65), and 




This also holds if the increments are made smaller and smaller 
without limit. 
Now 

/, + ^ + !:! = E 

(the total store of energy of 1 lb. of incompressible fluid moving 
along stream line). 

Differentiating, we get 



!aw of change of store of energy as you 






K\ 


Si stream lines. But 






N\ 


^ = . in 9 (Fig. 53), 






\\ 


^.-'^-"«in«. [f™»w]- 




Fie. S3. 


(!) .-. ^ = .i„«+i(^-«„m«) 


+ gdr 




SI 




If the block is moving, say, along a tube of 


deer 




ig diameter, 



the flmd at the top of the block has a smaller velocity than that 
underneath ; the block is in a state of shear. 
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Lines in the block arc being tumcJ through an angle, owing id 
this shear. We can now get the average angular velocity of ibese 
lines. This is called by Professor Cotterill the " molecular rotatioo.'' 
It is not " molecular " ; it is simply the average rotation of eveiy line in 
the block, and better called the " rotation." It is equal to 



*e-so- 



We see from this that if the cross-section of a tube of flow is 
constant, v is constant ; hence the " rotation " is the some at n^oy 
point of the stream if r is constant 

We see also that if the total energ>' of a particle of unit weigtit is 
the same in two stream lines, it always remains the same, hence, foe 
instance, if all stream lines come ftoxo rest in the same level so: 
of water, there cannot exist any " rotation " in any of them. 

" Irrotational " motion means 



I 



; + : 



If die ladius is infinite, - = o, hence — = 
' rotatiotL" 

This is one instance of irrotational motion. 



; and thne is no 



f - is constant (i.e. the velocity always proportional to r\, 
! o, and the " rotation " is constant 



If straight lines join into, say, circular Stream lines, - is no longer 
10. Hence, ^+ -cannot = o, and by dmilar reasoning for odm 



pcnnts where the curvatrire suddenly changes we see that /fenr mmt 
be a rhangi /« the " rotation " n-hem-tr there is Jiseeitlinuity of airtm- 
ture, and in neighbouring stream lines a unit has a different total 
store of energy. 



MeasuremcJil of Rate of Floiv. 



THE MEASUREMENT OF FLOWING WATER. 

Is Order [hat the efficiency of a water-power instaliation may be 
tested, or the amount of power available at any point in a stream or 
river determined, the rate of flow, i.e. the number of cubic feet or 
ga-Uons of water passing a given point per unit time, must be measured. 
It is not an easy thing to do this with anjiWng like accuracy. There 
are several methods which may be employed, which will now briefly 
be referred to. The 

"Q = A V" Method 
consists in obtaining the area of the cross-section of the stream at 
the place selected, and multiplying this by the average velocity of the 
water. If the first is in square feet and the latter in feet per second. 
the product gives the rate of flow in cubic feet per second. 

To obtain the section of the stream, a cord or rope may be 
stretched across it at right angles to the direction of the stream, 
numbered marks being placed on this at regular, and not too distant, 
intervals ; soundings are then Ldcen at these points, the depth of the 
water at each number being entered in a note-book. The section is 
then plotted to scale, and the area of the figure obtained by a good 
planimeter or any of the methods usually employed for findmg such 
an area. The scale of the drawing being known, the area of the 
section in square feet, say, is thus found approximately. 

The second step is to obtain the mean velocity of the water. 
This is sometimes done by finding the surface velocity near the 
centre of the stream by floats ; thus two obser\-ers are stationed at a 
convenient distance apart, about half the distance being on each side 
of the selected section. By the firing of a pistol or sJiouting, the first 
man indicates when the float passes him ; the time till it reaches the 
second observer is shown by his watch. Thus the surface velocity 
can be roughly found. This, however, is a very unsatisfactory 
method, as the float will not go down stream in anything like the 
required way. 



Note. — A mioer's inch of water is a rale of (low equivilent to 12 L/.S. gnlli 
muuile. I U.S. gallonof fresh waterweighsS'3]Ib9., conlaiiuzjl cubiuinches 
there being therefore Ta,% snch gallons 10 i tubic fool. The impeiial (English) 
righs 10 lbs., contains 377*37 cabic inches; therefore 6*33 galli 
ly taken as 6} gallons) = t cubic fool. 



^^Knutl; 
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The surface velocity being found, the mean velocity ^-aries from 
■6a to '85 of it, depending on the nature of the channel. Recent 
experiments give ■ 65 as probably the best number. It may be found 
approximately by a formula like that of Bazin i'« = %; — 25-4 •!{»■ 
V, being the surface and !■« the mean velocity, m and i having the 
meanings already assigned to them. Prony's formula 



V = 



»+ 10-33 * 



V being the mean and v the surface velocity, has been a good deal 
used. 

Current Meters. 

Another and a much better way of obtaining the average velocity 
of the water is by means of current meters. A modem instrument 
of this class is sho«-n in Fig, 54. It is an instrument furnished 




with vanes like a screw propeller, which when immersed in flowing 
water revolve, their speed being a measure of the velocity of the 



The figure will readily be understood. A pair of differential 
wheels B have a worm wheel engaging with them, this worm beii^ 
on the shaft of the propeller C. The apparatus is clamped firmly 



Tkc Weir-Gauge Mctlodt 



7JJ 



on a rod A, and is m^erted to the required depth in the water. At J 
a given instant tiie propeller is throvcn into gear by means of the 
dHck line D, and at the end of the required interval it is again 
thrown out of gear. The reading on the counter gives the number 
of revolutions, or, if suitably calibrated, the speed of the current. 

Thus the velocity at a great many {joints in the section can be 
IbiDiijl,aod hence the mean velocity determined much more accurately 
than liy llutts. As the velocity close to the bed and sides of the 
rtiannd falls off considerably, probably the flow is a little less than 
Ws method indicates; hence a turbine tested by this method coro-i 
■lined with a dynamometer will probably shovf a lower efhciency than ^ 
II the more accurate method by weir gauges is eraplojed 

This may to some extent account for the fact that Continental 
teS) of turbines give a lower efficiency than that usually found for 
Amnicui wheels, where the latter method of measurement of flow i8_ 
fcUoired. 



The Me as 



■ Flow i 



VVeir-Gauces. 



By Eir the most accurate method of measuring the flow of water 1 
^ nnams or rivers is by means of the weir-gauge, or gauge-notch, as J 
ilii sometimes called. This usually consists of a plate of wood ( 
BUUble materia! with a notch cut in it of a given form, the water to. I 
be measured passing through this notch.- There are two kinds of "1 
"wtchcB in general use for this purjiose — the V-shaped notch of the 
■if Professor James Thomson {brother of Lord Kelvin), and the 
: c langular notch, associated with the excellent experiments of 
^Ir, Francis, carried out at Lowell, Massachusetts, in the United 
■uics. The former is most accurate for variable flows, the latter . 
Ti"»t convenient for considerable flows. The splendid work of the.,] 
ii^- Professor James Thomson in connection with this part of J 
tiirauHcs is known to most engineers and students, his great J 
' ncralisaiion in connection with the law of flow from similar orifices i 
'ing a most remarkable and useful one. Professor Thomson'i:J 
latcMJgations will be found recorded In the ' Proceedings ' of th©: ■ 
Bcilbh Association for 1858 and 1876. 

Space docs not admit of a full record, but his reasoning may be' 
bid to follow somewhat the following lines, though it is too complete 
(a admit of being well given in abstract. He shows that the method 
adopCcd by many writers of finding, or attempting to find, the flow 
.duou^ a rectangular notch by the methods of the integral calculus i« 
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The usual method is to take a small rectangular portion (Fig, 55) 
of tht; rectangular orifice, find the flow through il, and integrate all 
such flows to get the: total flow through the notch (Fig, 56). 




Let Q = the volume passing per unit time (usually the number 
of cubic feet per second). 

d<:i=\^\gh X bdh, 

whence 

Q = y.dh'l7ih = b^Tgykdh, 

This is called the " theoretic " flow, and it is multiplied by a coefficieot 
called the coefficient of discharge to get the true flow, giving 



ifA, i 



Q = leb^Tgh^ 



I 



This method is wrong for the following reasons : — 

First. The velocity is not the same all along the little band as hae 
assumed. 

Second. In any little element of area of the orifice it is «rf the 
velocity of the water at it which, multiplied by the area, will give 
flow, but the component of the velocity normal to the plane of tie 
element, 

JTiird. We have no right to assume that at any element of aita 
the velocity is found by the rule f = 'f ^ g h, for except at the 
boundary of the jet, the water is under more than atmospheric pres- 
sure, and hence, by BemouiUi's law, it must have less than the 
velocity given by the rule above. 

These and other objections, pointed out by Professor Thomson, 
show-that the usual method is altogether misleading and wrong. 

Professor Thomson goes on to show that if there are two similar 
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vessels with exactly similar orifices, the dimensions of the larger 
orifice and vessel being n times that of the smaller, then the lines of 
flow from the two vessels will be similar, and the velocities will be as 

I to V«. 

Imagine the orifices filled with similar stream tubes'; the water will 
flow miconstrainedly in the one as in the other, and it can be shown 
that the guide tubes have really no duty to perform, and the total 
homologous pressures on similarly situated small areas at u and u^ 
are as i to /r^. 
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Fig. 57. 



I 



From the similarity of the forms of the two similar imaginary 
tubes (Fig. 57) we have in each 

area at £ area at E^ 



Hence the 



area at u area at u^ 

velocity at E _ velocity at Ei . 
velocity at « " velocity at w^ ' 



and from falls of free levels it follows that 



Vy 



tiufl hile applying to a^y or all homologous points in the two regions 
of flow* . 
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Applying the rule to Professor Thomson's V-shaped notch, where 
the notch consists of an isosceles r^bt-angled triangle, the apex (or 
lowest comer of the notch) being a right angle (Fig. 58), it is 
evident here that if the depth of the angle of the notch below th.« 
level of still water in one notch be to that in another as i to n, so all 
homologous linear dimensions in the two flows will be as i to », tl:x£ 
similar areas of little filaments similarly situated being as i to «*, an<^ 
the velocity of flow as 1 to -In, therefore the volume of water floi*"- 
ing per unit time, varying jointly as the area and velocity, will he at-* 
I to a' "In. Since this reasoning holds for every pair of similar streanxs 
throughout the:two flows, the quantity flowing per unit time, Q, « «*- 

Instead of considering two separate notches with diSerent stream^* 
we may talce the same notch with different depths of water flowing 




over it; then, if we denote the depth of the vertex of the notch below 
stiU-water level by h, 

Q = <V.. 

This notch has the great advantage that the water secdon is 
always the same shape, whatever the depth of flow may be. 

Professor Thomson has determined the constant by a large 
number of accurate experiments, and found that in cubic feet per 
minute it is (if the notch be sharp-edged) Q = "317A*, ^beingin 
inches; or Qi = 2 "635^1*" where A, is measured in feet, Qi in 
cubic feet per second. 

In the case of a rectangular notch, Professor Thomson has shown 
that die fonnula of Mr. FranCis is a rational one. A notch may be 
made so long relatively to the depth of water on it, that for any 

■ RuikiDe and other writers £i7e the coeffideDt as 3*54, but ftofcMm 
Thomion'i own nnmber, here eiven, ii not likel; to be inaccurate. 




Rectangtilar Nolch. 



n 



increase of length the increase of flow will be proportional to the 
increase of length." Let m i he such a length. In Fig. 59 two 
portions, each = J /« A, have been supposed taken ofi", then over the 
central part of length / = L — m A, the flow is proportional to /, if 
/be varied whilst A remains constant. 

The flow through this portion may be regarded as bounded by 
two vertical planes, and suppose the two remaining parts of the notch 
to be brought together as in the lower portion of the figure, we can 
now study the flows separately. In the lower figure the width of the 

I notch bears a, constant ratio to A, and = m h; then by similar reason- 
llg to that employed for the V-shaped notch, we find how Q varies 



1 




Y 
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Kig. 59. 

the depth of the water ; and if Q^ represents the flow through 
lower portion, it is easy to show, as before, that 

Qi = a A* V A, where a is a constant coefficient. 

Coii- 



Vext to find Q3. the quantity flowing over the central portion, 
sider a portion for convenience of length = A. 

The flow over this portion will be b I? -fh, where 3 is a constant. 
This is for the length A, hence the flow over unit length is = b h-s! h, 
and for length / = bhl*/ /i. In other words, 
Q, = b{h-mh)h'J/i. 
ig Qi and Qj to get the flow through the whole notch we have 
Q = b{h~mh)h.J~k-\-ah^'/7i 
= b'Lh -Jli - {b m ~ a) )? -JX 



r 
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— -r — is a coefficient which evidently depends on b and m, and 

will be different if, for instance, the stream is contracted at one end 
of the notch only instead of at both. 

It is evident that this rule is simikr in form to thai deduced by 
Mr. Francis, which is 



3(L-i.>i 




where » is the number of end contractions. I 

The variation in the value of « will he understood from the plans J 

of the notch shown in Fig, 60. 



Fig. 60. 

Mr. Francis states that his formula is not applicable to uiacs 
where the height h exceeds one-third of L, nor is it applicable if <t is ^ 
very small. He is of opinion that it is correct for depths varying 
from 6 inches to 2 feet. Probably it may be applied 10 greater 
depths than z feet if tlic notch be properly jiroportioned, 

NlTMERlCAI. F,XAMPLES, 

(i) In a rectangular weir-gauge, the length of the notch being 
5 feet, depth of water 2 feet, find the flow if there is only om end 
contraction (i. e. if only cne end of the notch has a shaqi edge), and 
compare this with the flow if there are two end contractions. 

The formuh is 

where « is the number of end contractions 

Q = 3'33(L-^'*y if''= >■ 
Q' = 3-33(L-~'*yif«=2- 




or 8ow with one end contraction is to flow with two as 48 to 46, or 
1 ■ 0435 times as great. 

(2) In a rectangular gauge with two end contractions, the mini- 
mum flow being 50 cubic feet per second, find the dimensions of the 
notch, h being J L, for this flow, Ans. L = S '87 feet. 

h = 1*957 f^st. 

(3) A rectangular weir-gauge is employed to measure the flow in 
a stream. It has sharp edges. The length of the notch is 5 feet 
and the depth of water 2 feet, find the &q\\. 

Ans. 43'32 cubic feet per second. 

(4) A V-shaped Thomson weir-gauge is used to measure the flow- 
in a stream, h being 4 feet, find the flow. 

Am. 84*33 cubic feet per second. 

(s) If the water passing through both these notches, with a fall of 
25 feet, drive turbines of 0*7 efficiency; and if the dynamos, etc., 
driven by the turbines have an efficiency of 80 per cent,, find the 
number of kilo-watts given out by [he dynamos. 

If the dynamos light arc and glow lamps, the number of the latter 
being three limes that of the fonner, find the number of each. 

The arc lights take 1 2 amperes of current at a pressure of 50 volts, 
and the glow lamps 65 watts each. 

Am. 151 "36 kilo-watts, 571 glow lamps, 190 arc lamps. 

(6) Near a certain town is a river with a fall of 20 feet. The 
Town Council wish to light a promenade with 25 arc lamps, like the 
above, and to supply 3500 60-watt glow lamps. Taking the effi- 
ciencies as before, what height of water will be required if the flow 
be measured by a V-shaped Thomson gauge ? Ans. 5 ■ 34 feel. 

WATER-METERS, 

Small or moderate supplies of water are most easily measured by 
passing the fluid through a water-meter. The first meters invented 
were for " fluids," including gases, that of W. Pontifex of London 
(1824) being probably the earliest Hanson's patent for a meter for 
gas, water, &c., bears date 1S40, and is one of the earliest in which 
the use of a piston-valve is described. 

The Siemens meter is of the "inferenlLil" type, aclmg on the 
principle of Barker's Mill. Siemens has also another meter of the 
:t impact paddle-wheel type. The mfurential type of meter, 
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whilst very simple and useful for quick flows, is not suitable for small 
flows, especially after standing idle for a time or when the Suid 
contains dirt. 

The Tylor meter is another inferential meter, discharging radially. 
In these the water acts on paddles or floats. Positive meters arc 
more accurate over greater ranges of flow. 

The Kennedy Meter 

is a well-known specimen of this class, consisting of a vertical cyhnder 
with a piston moving in it watertight. The piston is nearly as long 
as the stroke, and it is packed hy an india-rubber ring which rolls on I 
the piston, being prevented from coming off by flanges on the piston, i 
which fit the cylinder fairly well. The counting gear is in a separate | 
chamber where it is not under water. The valve is a four-way cock I 
operated by a tumbler which is moved by the piston-rod. 

When the piston moves up or down to the end of its stroke diis 
tumbler falls over, reversing the valve and admitting the water to the j 
other end of the cylinder^ at the same lime opening the end noir I 
filled with water to discharge. The irm'd of the piston, in any given \ 
interval of time — not the number of strokes — is represented on the 
counting mechanism, a most ingenious system of pawls and ratchets I 
operated by a pinion working into a rack on the piston-rod effecting 
this result. Comparatively great accuracy at difienait speeds is thus 
obtained. The meter, however, is somewhat bulky, and not silent in 
working. 

SCHONHEVDER WaTER-METER. 

This meter is really a water motor with three cylinders, the pistons 
of which actuate a counter and so show how often the cylinders have 
been filled and emptied. The feature of the meter is its rolling cup- 
shaped valve, which works on tlie top of a sjiherical central seat 
The valve has three ports cut right through it and also a central 
cavity. There is also a central exhaust passage communicating widi 
the discharge pipe. Corresponding to the three ports cut in the vahe , 
are three other ports in the fixed valve seat, whilst a central exhansl 
port corresponds to the cavity of the valve. The valve contains oa 
its periphery three extensions forming cups in which the haU-shaped 
heads of the connecting-rods rest. As each piston descends it dngs 
down the valve with it until the valve flange Comes into contact with 
the flange round the central pillar. The vatve has a rolling or 
nutatory motion on its seat, but does not rotate, the rocking of Ae 
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central valve actuating the counting gear. Figs. 6i, 6j and 63 show 
the arrangement. 

C^ C C^ (Figs. 63 and 63) are the cylinders fixed to the casing, 
with pistons D' D' D^ depending by rods d^ iP iP with spherical 




from the vaU'L- E. E rests on a similar surface F fixed to the 
by the pillar A'. 

The space G below each cylinder communicates by a. lateral 
passage G with ore of the ijassages H' H^ H^ leading through the 
to F, where they terminate in ports A' h" h^. 
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I is the central exhaust passage communicating by I* with the 

discharge pipe B'. e is the central cavity referred to above, which 
allows any port ^' to communicate with the exhaust I. If the valve 
is in the central position all the ports are covered, but a slight 
inclination of E— which is always assumed in practice — is sufficiail 
to uncover a port, and by its cavity e allow water to pass. It will 
thus be seen that the rocking of the valve allows the cylinders to be 
filled and emptied in succession. The way in which the counting 
gear is moved will be seen at E' and K, The motion is noiseless, 




Fig. 63. 



Fig. 63. 



and the meter in many cases is accurate to within 1 per cent, both 
at higli speeds and at such ver)' low speeds as, say, half a gallon per 
hour, maintaining its accuracy for long periods, owing mainly to the 
peculiar motion of the valve which causes it to become even mow 
closely fitting by wear. The seat is of vulcanite and the valre of 
gun-metal or similar alloy. 

The " Frost " or Manchester meter is a well-known positive meter 
of the packed-piston type. 

The Kent "Agsolutf," Meter 

is also a good type of this class. It has two cylinders with jnstons 
and valves, the piston of one cylinder actuating the valve of the other 
somewhat as in a duplex pump. The way in which the piston is 
packed will be seen in Fig. 64. The water being admitted through 
the holes in the piston cover at L and M presses the leathers L and 
M inwards, thus causing the edges of the leathers to fit the cylinder 
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more closely at R and T. Each piston moves a rod which actuates 
a pawl, advancing the counting rachel one tooth per strolce, 
_Thesc meters are tested to within i i>er cent. + or — , at such low 
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Hows as one gallon per hour ; as well as at the highest flow for whicb 
they are designed. 

The Venturi Meter. 

For very large flows this meter is probably the only one irfiidi 
can be employed without causing an appreciable obstruction. Its 
use has been developed by the experiments of Mr, Clements Herschel. 
which established its reliability. It consists of a double cone which 
can be inserted in the main, the flow of which is to be measured. 
The water flowing through the contracted neck of the cones, flows 
with greater velocity than in the main, and hence under less pressure, 
by the law referred to so often in these pages. 

The difference of pressure in the neck of the Venturi tube and t 
the main pipe is recorded on a moving strip of paper, and hence 
diagram showing the rate of flow is obtained. The combinatioD of 
this diagram and a time one gives the total quantity passed, a reconJ- 
ing electrically wound clock being often employed for this puiposi^ 
after the manner of an ampere-hour recorder. 

American Meters. 

A class of meter used almost exclusively in .\mericaj and to a 
extent in this country, has the merit of simplicity, possessing onl) 
one moving part (excluave 
the counting gear), this pail 
doing duty both as a valve and 
piston, a point on it tnoving 
usuaUy in a circular, or nearly 
circular, jtath. 

A typical example is the 
" Hersey" meter, shown in ou> 
line in Fig. 65. The piston A B 
moving in the casing S, actsatso 
as a valve. It revolves about a 
centre C, in the cylinders, which 
has internal projections witii 
spaces into which the teetJi or 
lohes A of the piston work. In 
this case the number of teeth 
is the same as the number of spaces in the casing, hence each tooth 
works in one space. 

The spindle C describes a circle, shown dotted in the figure, the 
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Meters of American Type. 

iodic tiansmiiling motion to the counting gear, each revolution 
r the inston allowing a certain quantity of fluid to pass through the 
mlric spaces, this quantity being registered. 

These are, therefore, positive meters. In these meters, as the 
5 or valve has no packing, and yet must be sufficiently free to 
1 when the water is clmrged with small impurities, they are ^ 




often defective in measuring small flows, whilst the presence of 
«ar«T impurities often causes the meter to " slick fast." 

In America, where the supply of water allowed per head per day 
a often a& murh as loo gallons, a small inaccuracy is of little con- 
vquence, liul in this country, where onetirth of this amount only is 
bcquauly allovcd, greater accuracy is often necessary. 

"" IT iDcaiuring pressure water into hydraulic power mains, or to 
ant, great accuracy is necessary, as tlie water often 
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costs as much as 2s. or is. 6d. pet tooo gallons, n-hereas in LondoD, 
taking ao gallons per head per day as the ordinar)' domestic SDppIr, 
the cost is usually not more than half that amount. 

A good meter of the above type is the " Uniform " meter of 
Mr. Kent, show-n in sectional plan and elevation in Figs. 66 and 6j. 
The hollow piston P is elliptical in plan and revolves about a central 
cylindrical siud fitting the inner shorter axis of the ellipse exacllv. 




The piston is of vulcanite, working in a gun-metal cylinder, the water 
entering through the orifices shown under the left end of the pistoa 
and helped by water which enters at 1), causes the piston to revolve, 
until it escapes by Uie outlet at the right-hand end. The pressure of 
water on the little door at D, which lias a triangular glass comer 
abutting against the piston, assists in preserving the fit of the pistOB 
under varying conditions. An eccentric pin actuates the counting. 
gear, the position of which is indicated in Fig. 67. 
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This meter has been a good deal used for ordinary mains, and 
also for measuring the flow to consumers from hydraulic pressure 
mains. The illustrations are of a meter for the latter purpose, tested 
^Lto resist a fluid pressure of 3000 Ihs. per square inch. 



XII. 
JET PROPULSION. 



Introductory Experiment. 

If a jet of water be allowed to issue from a vessel supplied with the 
liquid from some outside source, as long as the discharge continues 
there is a force urging the vessel in the opposite direction to tliat of 
the flow. This is said to be due to 
the "reaction" of the jet. 

An ex penmen [al illustration of 
this is easily arranged, as shown in 
Fig. 68, where a suspended vessel, 
ha\-ing a hole fitted with a converging 
mouthpiece N, is supplied with water 
by the pipe P. If the position of the 
centre of gravity of the vessel and 
water when the orifice is closed be 
obtained, then, when the orifice is 
opened the vessel assumes the position 
shown by the doited lines, fbeing the 
new position of the centre of gravity. 
If / be the height from to the point 
of suspension, it will be seen from the 
triangle of forces that, W being the 
weight of vessel and liquid, and F 
the reactive force of the jet on the 

toe oc 

vessel, ^r; = — , or F = \V X t ■ 




W 



Fig. es. 



Now. to obtain F from theoretical considerations, it is only neces- 
sary to find the momentum of the water leaving the vessel per second 
— the supply, being from an outside source, need not to be taken into 

>unt here, though in some cases, where the water is drawn in by 
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machinery inside the vessel itself, it is most important lo consider 
kmv the water is drawn in. 

In this experiment the orifice is. for convenience, so shaped that 
its area may be taken as equal to the area of the jet, but it will be 
understood that where these are not equal, it is the area of the/tf 
where the stream lines are parallel that must be introduced in the 
calculation. 

If the experiment be carefully carried out the result agrees closely 
with the calculated value of the propelling force F. 

If the water remains at a constant height of h feet inside the 
vessel, Q being the rate of flow in cubic feet per second and A the 
area of the cross-seclion of the jet in square feet, then 

Q X —^ X V 

is the momentum of the water leaving the vessel per second, and 
hence the momentum lost per second, which is equal to the propelling 
foice in pounds. 

But 7' = "J zgh, neglecting the coefficient of velocity, which is 
about -g;. Hence, 

propelling force F = ■ ■■ 



- X A X !■* 



-XAX2X3a-2XA, 



F=2x6z'4xAx4; 
a force equal to the weight of a column of water whose base is the area 
of the jet, and whose height is tioite that due to /A- velocity ofthejet. 

If the vessel moves under the action of tlie jet— as in the case 
where the vessel floats in water — with an average velocity of V feel 
per second, the work done on the vessel per second is F X V, and 
the horse-power of the jet, neglecting friction, is 

F X V 

- ■ — = '227 X A X /* X V. 

550 

Reaction-Wheel or Barker's Mill. 

This is a good illustration of the practical application of the 
principle referred to, the propelling force being due to a constant 
head of water inside. 

ITie wheel, which was formerly a good deal used in the North, is 
shown in elevation and plan in Fig. C(j ; the water being brought by a 
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troujjh drops into the wheel, which consists of a conical part with 
ndiadng pipes, each pipe being bent at its outer end in a backward 
liwiion, tdadvely to the 



ttrtion of motion 
liLwhec!. \i each pipe 
:■ iiell-mouihed — as it 
iiouid be — at its inner 

■ :iil, and if we neglect the 

■ ncrgy wasted at the bends, 
ttr., then the velocity of 
i)w issuing walei, when 
iiic wheel is at rest, will 

V : = V j^H, nearly, the 
■.jantiiy issuing per se- 
'TKi(QJ=Ai'. Wemay 
II ihi5 case assume the 
r-.-i A to be the combined 
-rt.i of the pipes. 

1*1 u be the velocity 
" the horizontal pipe at 
'• "-■ orifice, the distance of 
ilie centre of which from 
iln^ vertical axis is r. The 
loialhead 

H, = H + — - 

Nt.'glccling friction and 
inertia. 



iiifh may be written in 
n more convenient form, 



8^HH 



■6.47 




Fig. 69. 



»tu.-rc / ii the time of one 
n^viriution in seconds. 
'"iie abwlutc velocity of the issuing water — relative to the earth \ 
■\\ It — (r, and the momentum generated in it per second is 1 

(r-«), which by the law of the equality of action and re- J 

''■loo is equal to the propelling force at this point. 
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The work done per second 



wQ 



(/) M, whilst the potential 



»QH. The efficiency, on the assumption made 
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^H 



;, and it 
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Friction and inenia oppose centrifugal force, 
which experiment alone can decide, what the actual value of r will Ik 
in a given case, and what value of « »iU give the highest efficiency. 

The rule for turbines a = ■ 66 V a^H is sometimes taken thou^ 
u = 4 2 gM gives a higher efficiency. To apply these rules to an 
example, let the speed be lo revolutions per minute {/ = 6), H = lo, 
r = 5, whence v = 25-8, and from the rule for turbines, u = lyt 
the efficiency being 49 per cenL If the speed be 30 revolutions per 
minute (v = 27 "38), the efficiency is 55 per cent. ; and at 40 revolu- 
tions per minute (r = 31 ■ 2) the efficiency works out at 75 per cent 
In fact the efficiency increases as u increases, but if friction and 
inertia are taken into account this does not hold true. The highest 
practical efficiency is about Co per cent. ; often not much more tlun 
half this is obtained. 

The cross-section of the vertical pipe should be designed irom 
the ratio ^ ^ ^ 

A Vrf' 
1 of a section at depth rf, A being the area of that 



where A, is i 
at depth H. 



Jet-Pro PELL ED Boats. 

In the foregobg examples the velocity of the jet was 
be due lo a constant head of water maintained by an outside supply. 
Consider a vessel propelled by a jet, the water for which is drawn 
into the vessel by pumps or other mechanism inside the vessel itself^ 
It is now all-important to consider /uiiv the water supplying the jet is 
drawn in, because the water outside has a certain momentum relative 
to the moving vessel which may or may not be partially utilised. 

If the velocity of the vessel be w feet per second relative to the 
sea, a mass tn has momentum m u relative to the vessel before entry. 
Suppose we could scoop up this water at the bows by a gradually- 
sloping pipe without any loss, then if the jet issues backward with a 
velocity v the momentum in this direction is m v. Evidently, 
mv = mu there is no propeUing force, vi f - m it is the raomenhim 
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given by the pumps to the water, and if there is no loss [his is also 
the raomeotum given by the jet to the ship, since the pumps have 
not to draw the water in. Let Q be the volume of water leaving the 
ship per second, then the propelling force 

-'"-">¥■ 

The backward kinetic energy with which the water again reaches 
the sea is (relative to the sea) 

" S 
which is the work lost per second. 
The work utilised per second is 

(Force X distance) = {v — u) -=— x u, 

and the efficiency of the jet 

_ work utilised 

work utilised -J- work lost 



Efficiency = 



piac 



This expression must not be used when k = », as the efficiency 
ttien = I, but there is no propelling force. This may be regarded 
as the case in which the water simply passes through the boat without 
friction from the bows to the stem. If v and u are nearly equal the 
efficiency is high, hut the propelhng force is small. We can never in 
practice realise the ideal here assumed of Qtilising ail the momentum 
' the feed water. 
The case in which the water is drawn in vertically might next be 
ladered. None of the relative momentum is, in this case, utilised. 
The water might even be drawn in from the stem, when it will be 
necessary to give to it a forward velocity a little greater than u in 
order that it may reach the pumps. If it be discharged backward 
with the velocity « there is no propelling force, though work has 
been done by the pumps. The three methods have been here 
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referred to in the order of their efficiencies, the first method being 
evidently the best. 

This is very evident from Rankine's formula for the efficiency of 
a jet, which is, wiirr 



\ 



Efficiency - - 



S 



t-y- 
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Where w represents ihe weight, in pounds, of water discharged 
per second ; 
V represents the speed of the vessel in feet per second; 
s represents the slip, or acceleration, or addiboui 

velocity imparled by the pumps ; 
/ represents a coefficient depending on the compleienes 
with which the velocity of feed Is lost. 
(If water is well taken in, as in Case i,/may be as low as "ojj. 
If ihe velocity of feed is all lost,/= i.) 

If /"= I, the efliciencv = r-nt' 

and is a maximum when ^ = v. 

The following actual experimental numbers, taken from Mr. 
Bamby's paper on ' Hydraulic Propulsion,' \ will illustrate the use of 
the formula. 

Discharge i ton per second {w = 2240). 

Velocity of discharge 37*25 feet per second {v + j = 37'25)- 

Velocity of vessel ii'4 feel per sec. (r/ ^ 2i'4 .', s ■= I5'8s)i 
loss of velocity of feed 
actual velocity of feed 

These data substituted in the formula give the jet efficiency as "7, 
the efficiency of the pumps was • 46, and ^e mechanical efficiency of 
the engine -76. 

It will be seen that whilst the jet itself is as efficient as a screw 
propeller, the low pump efficiency reduces the resultant efficiency 
much below that of propeller machinery. 

The reader must be cautioned against falling into the common 
mistake of supposing that it matters whether the jet is sent out above 
or below the sea-level. As a matter of fact, it makes no difference 
to the reactive force due to the jet whether the discharge orifice is 
above or below water. This is evident from the preceding calcula- 
tions, as we are concerned merely with the resultant momentum lost 
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per second, not at all with the effect of the jet on the sea or air 
against which it impmges. 

Hydraulically Propklled Lifeboat. 

Jet propulsion has, however, special advantages which make it 
peculiarly suitable for lifeboats where heavy seas have to be encoun- 
tered, and where the consequent racing of the engines or grounding 
of the boat may cause failure of engines, propeller, or paddles. Life- 
boats have recently been built with jet propulsion, and Ihey seem to 
answer very well. 

Figs, 70 and 71 give two views of the City of Glasgow lifeboat, 
recently built for the Harwich station by Messrs. R, and H. Green, 
of Black wall, London. The boat is 53 feet long, 16 feet beam, and 
5i feet deep, with a mean draught, on trial, of 3 feet 3 inches, and a 
displacement of 30 tons. 

In regard to the machinery, referring to the figures — which show 
the situation of the machinery and orifices^it will be seen that 
each end of the shaft of the compound engine is connected to a cen- 
trifugal pump 2 feet 6 inches in diameter, which draws in water 
through an inlet orifice in the bottom of the boat, each passage from 
the pump to the orifice sloping forward and downward, so that 
some of the momentum of llie water may be utilised. Each pump 
forces the water out in a jet through a 12-inch hole in the stemwards 
direction, and iinJer walfr. This is prohably more convenient when 
leaving another vessel or a landing stage, than if discharged above 
water. Similar jets— in this case discharging above water — propel 
the boat astern when necessary, and an orifice on each side is pro- 
lided for lateral propulsion, should that be required, to prevent the 
boat from bumping against a wreck, or to facihtate her getting away. 
The boiler is of the water-tube type, which, with the machinery, was 
constructed by Messrs. Penn. On trial, the boat proved in every 
way satisfactory, both as regards speed and raanceuvring capabilities, 
the speed on the measured mile being 8J^ knots, engines 360 revolu- 
tions per minute, steam pressure 115 lbs. per square inch, indicated 
horse-power 200. Another boat of this kind, the Duke of Norihumba- 
land, had previously been constructed by the same firm. 

No information is, so far as we know, yet available as to the effect 
of the rolhng of the boat on the bearings of the pumps. If the pumps 
were driven by belting or gearing, the rolling of the boat, forcing the 
rapidly revolving pump shaft to assume different angles, would pro- 
bably cause wearing of the bearings in a direction at right angles to 
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the plane in which the shaft oscillates, from the well-known r 
which a revolving body offers to a change of ihe direction of its i 
This resistance is proportional to the moment of inertia snd to 
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angular velocity of the body. The method of coupling the pumps 
direct to the engine shaft, in all probability, gets over the difficulty. 



Pressure of a Jet against a Surface. 

In the forgoing the reader's attention has been directed to the 
propulsive effect of a jet on the vessel from which it issues. It is 
sometimes necessary to find ih^ pressure of a jet on a surface against 
which it strikes. Without going fully into the matter, which is beyond 
the scope of this work, the graphic solution shown in Fig. 74 will give 
all that is usually required. 

The jet is deflected through an angle p. Construct an isosceles 
triangle A C B, each side representing v, the vertical angle being p. 
The change in direction of motion in one second is represented by 
A B. It is easy to see that 

A B = 2 z/ sin c , 

2 

and the change of momentum per second 



T7 Q.V . P 

F = 2 Z£f -:^— sm - = 



(since Q = Az')t0 4a/AH X sin- 




\ 



^^^^^^^^^kv^^^kv^^^^?^.^v^^^^g.^ 
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Fig. 72. Fig. 73. 

This pressure may be resolved into two components, Fp parallel, 
and Fs normal to the original direction of the jet. These are found 
from the rectangle A D B E as shown. Evidently 

FP = w ^^ (r - cos P), 
g 

If /8 = 90°, as in Figs. 72 and 73, 

i 



and 



Fh = a/ ^ sin p. 
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If jff = 180 , as in Fig. 75, Ff = 2 — -^- , since cos (8 = - i. 
In Fig. 73, if the pJate be placed as shown, the pressure on it is 



f AH, E 



= Ar. 



Now let the plate move up to the vessel till it closes the orifice, 
the pressure on it is only w A H, or half what it was before. This b 
sometimes regarded as a paradox, but the forces compared are 
obtained in totally different ways. 




If the plate in Fig. 74 moves in the direction of AC, wilh a 
velocity of translation w, v being the velocity of the jet, 

Fp = ^(^-«)(i-cosj3), 

S 

and the energy- transmitted per second to the ]]|ate is (neglecting 
losses) 

-fl^' („ _ „) (I -cos^). 



FJ>a = - 



S 



_ U'Qv 



This is ereatestwhen u ^ —, and is then = "^ ' ■ when S = 
180° as in the Pelton wheel, 

Pkactical Applications of above Rules. 

An undershot water-wheel gives a good example. Formerly these J 
wheels had floats consisting of flat boards fixed radially, the effidency j 
of the wheel being about o'j. 

Poncelet improved them by introducing curved floats, so curved 1 
that the water enters without shock and leaves without energy in thiM 
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Erection of the wheel's morion. With this arrangement an efficiency 
of o'6 is possible Fig 76 shows how the first condition is fulfilled. 
V is the velocity of the jet, .< the tangentiil velocity of the wheel, 
by completing the parallelogram of velocities, as in the figure, %•, the 
velocity of the jet relalne to tht wheel is obtiined. The flout or 
vane at its outer edge must be tangential to the side representing iv. 
To fulfil the second condition the fall of the water rehtive to a 
horizontal line from itf> highest point on the moving vane should 
be the same as its rise to tl1.1t point Draw the vane in the position 
of entry and exit of the witer, both as assumed above, touching at 
the outer ed^i, a hon*ontal lint i!ist< t the ingle contained by ratlii 




Fig. 76. 

'Irawn from the vane points to the centre of the wheel. Then it is I 
«sy to show that (neglecting friction) the vane should make with the I 
'■iicuraffrence an angle = this half angle. Th 
angle of about 15°. 

An application of the laws for the pressure of a jet 
»tir&ce may be found in the 
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^15 consists of a wheel with a series of cujm fastened at equal j 
Is round its circumference, into which water from a j"et i 
'lirected ; the cups being so shaped internally that the jet is returned I 
Ittrtically parallel to its original direction. 

Fig. 77 shows a perspective view of the usual type of wheel, whilst 
I'ig. 78 shows a form with which more than one jei can be used, thus 
"ureasing the power of the wheel two or threefold. Pelton wheels 
''■ivi.' come verj- much into use in .\morica. They are very efficient 
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for high " heads," but are not recommended for (alls of less ihan 
30 feet, whilst 2000 feet is often employed. By ihanging the noulc 
the power obtainable from a gi\-en wheel may be varied. Their 
efficiency varies from So to 86 per cent, under favourable conditiom. 

As will be seen from the preceding, they should run at a circum- 
ferential velocity equal to h.ilf that of the jcL _^ 

Applying the rule already given, and assuming i- = * ijfH, 
where H is the " head " of the jet. the student can work out 




following examples. Remember work of jei per sci'ond -j- 550 Is 
water horse-power, or the horse-power actually tost by the water. 



Numerical Examplks, 

1. A jet I inch in diameter and with a head of 10 feet, itngunges 
on a p!ane surface at right angles to it. If the velocity of the jet is 
■ 97 of that due to the head, find the pressure of the jet on the sur&ce. 

Atu, 6-4 lbs.. 

3. If a jet of the same area, and with the same velo<:ity as tiic 

last, impinges on a surface making an angle of 60" with its direction, 

find the amount and direction of the resultant pressure due to die 

jet on the surface. 

Am. 6-4 lbs. Direction 60"' with original axis of jet 
3. Find the jiressure, in its own ilireclion. of the same jet acting 
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99 



e concave surface of a hemispherita! cup. symmetrically sitiialed 
with respect to the axis of the jel. Ans. i a ■ 8 lbs. 

4. Pehon wheel, a feet diameter, speed 821 revolutions per 
minuie, pressure of water joo lbs, per square inch, 100 cubic feet 
per minute being utilised, find the water horse-power. If the actual 
horse-power is 70- 3, tind the efficiency. 

Ans, 86 '8 horse-power. Efficiency 81 per cent. 




F.g. JS. 
. Wheel 12 inches diameter, head 170 feet, speed 997 revolutions 
minute, flow 1 1 ' 39 cubic feet per minute, actual horse-jjower 
I '91, find the water horse-iwwer and efficiency. 

Am. 3-69 horse-power. Efficiency, 80 per cent. 



xni. 

\OZ/-LKS AND JETS. 

A Noz/LK somewhat of the- shape shown in Hg. 79 is often used for 

fire-hoses. 
^^ The coefficient of discharge is high ; probably tliat for a plain 
^Hfate wotild be as high, 

^Hf To find the velocity with which the water leaves the nozzle, let 
^^b level of the orifice be datum. Then the energy in foot-lbs. of 



o^\Zi^ 



i 
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each pound of water at A B or C D is a ■ 3 /i + ~", • /i ^^^'^ ^ 

jiressure in lbs. per square inch obtained by a pressure gauge at A B. 
when the water is flow- 
ing, and T' the velocity 
thert in feel per second. 
Assume the pressure ta 
be zero, at or just out* 
side the orifice, (hen 
the total head, i.e. tfw 
velocity head + fl»* 

pressure head al A B, is available to give a velocity V at the orfcCi' 

Then 

Also ly-v = (P V, where D and d are the diameters at C I) and £ ■F 

res|K'clively. Eliminating i' we have 



Fig 79- 



V.J1 



(l-Ji-4-6f/n 



V 



7 4-6,»,'/i \ 



v/.-.-(^)' 



I 



C| being the coefficient of discharge. 

f, for a well-shaped no/zle of the kind shown may be taken a* 
about o'96. 

Example. — If D = 1 inch, d =\ inch,/, = 60, find the velodtjT 
of effluK and the height to which the jet will rise, neglecting resistasw 
of air, &c. Am. 91-37 feet per second- 

Height I jg- 6 feet, 



promises to be of great use for 
many purposes. The ordinaiy 
noi■^le emits a jet of great 
leloi.ily, which can, therefoiB, 
be (lirecteii to a considerable 
height, bul it covers a very 
small nrea, and in case of 
fire which is in an easily 
sible position does not an 
of a nozzle terminating 




FiE- So- 
The ball nozzle, whlih 



Theory of Ball Nozzle. 
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nip in which a ball is loosely seated, gives an umbre'Ia shaped spray 
of great value for quenching flame and smoke 

It might at Arst sight be supposed Chat the pressure of the jtt on 
the ball Hould tend to drive it iway from the nozzle, but such is not 
ihecase Fig 8i will explam the reason of this 

If a jet issues from an orifice a, and impinges upon a flat p'ate P, 
«e knon how to calculate the force F, necessary to kee]) the plate 
in position when it is some dtstanes from Ike orijke 

Non let P be brought nearer and nearer, when it 
rtachcs some such position as that shown, F dimi 
nishes rapidly til! as the plate nears the orifice it is 
finally sucked in towards a, stopping the flow As 
soon as the flow is stopped, the plate experiences the 
hydrostatic pressure due to the head of water in the 
v«Sel which forces it away from the orifice, and the 
action IS repeated as before An intermittent spray is ' 
ihus produced but if the plate does not fit the surface 
ptrfccllj a continuous spray may be obtained 1 he 
exp'anation of the phenomenon is easy Since the 
corners are rounded, httle energy is lost from a to 
' 01 ■■ Thus, neglecting h, for every pound of water 

r, + J'3 /is constant. But the area round be \% 

much greater than that at ed, hence the velocity at Fig- 8i. 

■he latter section must be much greater than that at 

llw former ; henqe, if the pressure at f ^ be atmospheric, tlial tA d e 

*'ill be less than atmospheric, and the pressure of the air on the outside 

of ihe plate will force it up to the orifice. 

In the case of the ball nozzle a similar action takes place ; the ball 
not being able to completely close the orifice, spreads the issuing jel 
into an umbrella-shaped cascade. 

The nozzle shown in the illustration has two branches, one 
consisting of the ordinary straight nozzle which may be u«;d for 
projecting a jet to some distance, whilst the ball noizle on the other 
Iwanch may be used for purposes which require a spread or sprayed 
|tL It is used with low pressures. 




Tender Apparatus for Pickim; cp Water. 

In the foregoing cases the nozzle Is at rest and the water moves. 
Consider a case in which the nozzle moves relatively to water at 
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Fig, 82 * givi-s two views of ihe apparatus provided on some 
•_-xpress locomotives for picking up water without stopping. 

A long shallow tank, shown in section in the right-hand figure, is 
lixed betn-een ihe rails, and is kept filled to the requisite height with 

The trough has no ends, but the rails and trough are slightly 
raised near the terminations of the (rough so as to retain tlie water, 

A scoop S, curved so as to point in the direction of motion, 
projects downwards from the tender, this scoop being furnished with 
a mouthpiece which can be turned about 1' so as to lift it out of the 
way when not wanted. If the speed of the engine be sufficient the 
water which enters the mouthpiece finds its way up the pijie into the 
tender. 

Suppose Ihe height of A above B, the surface of the water, to be 
H feet, then e\'ery pound of water, when it reaches A. has gained 
I \ foot-lbs. of potential energy. Let the level of B be datura ; then, 
-nice the pressure of the water is atmospheric, the kinetic energy 
iTi])arted 10 each poimd of it at entrance minus the energy necessary 
to overcome resistances is equal to the energy— kinetic and poten- 
tial — it has at \. 

fLet V be the velocity of the scoop relative to the water in the 
lit, and %• the velocity of the water at A, F being the coefficient of 
(Iraulic resistances. Then 

Suppose F to be o'5, the speed of the locomotive 30 miles an 
hour and H 8 feet, find ihe velocity at K. Find also the least speed 
sufficient to raise the water. 



s 44 feet ]ier second. 



^Kirtlcnce ;' — 21 ' 15 feet per second. 

^^ If V be zero we get the limiting speed. In tl. 



64- 4 

which gives V = ^f\ feet per second, or 21 '9 miles an hour. 



The s]>eed of the locomotive must be in excess of this in order to 



J 
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fill the tank. Knowing the quantity to be nppUed, the tiaie ivail- ' 
able and the area of the discharge {upe, the necesmj vdodt; fa 
the water in it can be found. Some allowance most also be made 
for friction. 

Injector Hydrant. 

In this apparatus, due to Mr. Greathead, a bigb-pFessore jet b 
used to intensify the pressure of n-ater (rom ordinary mains, so as to 
give a jet of sufficient pressure to reach the tops of the higbeS 
houses. 

The jet taken from the high-pressure |Mpes is a small one, de 
main volume coming from the ordinary mains. 

Thus, with a low-pressure supply at a pressure of 20 lbs. po 
stiuare inch, 32*4 gallons per minute at a pressure of 700 lbs. pa 
stiuare inch are required to intensify the pressure of the delivay of 
150 gallons per minute to a pressure corresponding to 100 feetheidi 

i.e. to — or 43^ lbs. per square inch; but with a low pressure 

supi)Iy under a head of 138 feet, only 3-7 gallons per minuie aK 
required from the high-pressure mains. 

The advantage of diminishing the difference of pressure of the 
two sujqilics is clearly shown in the following table, compiled frOD* 
the cx1jerimcnt.1l <lata given by Professor Robinson. 



?■! i-2 ' t eI ■ E-i ■= " gS ^1 J5.3 : 



H'i 



* fl II II i II IJ II Hlliii 



gall.. I r«i. p,;';,^ fi..ib!. I laut. ' f«L ";^^' fut* ti,.iu. I ft.-ii». I f(.^bi. 

Ii7'6 46 54-43 54.096 3!"4 !».6io 322 521.6407S.000IS0.0003S0.736 

131-9 9J 76-9 131,348 i8-i ,1,610 yiz 291, 41075, oooi5o,ooo'i87, 758 

I46'3I38 94*3 201,894' 3-7 ,1,610 321 59,57075,000150,000! 3£',464 

These numbers show that, as one would expect, there is great 
waste of energy when a stream of water moving with a high velocity 
is forced to combine with one moving at a low velocity. It appears 
that to give even a moderate efficiency the low-pressure head should 
not be less than -}s of that of the high-pressure supply. 
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It should be borne in mind, however, that for fire extinction the 
question of efficiency must be subordinated to that of promptitude in 
the saving of life and property. 

" Hydraulicising." 

Jets of water at high pressure are often used for gold mining. In 
that case a nozzle is employed which can readily be turned in various 
directions without moving the pipe conveying the pressure water. 
Fig. 83 shows one of these nozzles — the " little giant." It is said to be 
very efficient. It can be rotated completely horizontally, and moved 







% 



Fig. 83. 

vertically on a knuckle joint a^ which is kept in position by the 
^counterpoise b. The packings are of leather, and the nozzle is fitted 
inside with three rifle-plates, which prevent the jet from assuming 
that rotary motion which is usual with high velocities, and which 
inipairs the effectiveness of the jet. 



XIV. 
WATER-WHEELS. 

Strictly speaking, this term would include the various types of 
wheel propelled by water, from the old water-raising apparatus to the 
modem turbine. It is here used in a limited sense, including wheels 
rotating about horizontal axes and of the following kinds. 

Overshot Wheels. 

In these the water acts mainly by its weight, though a small 
portion of its kinetic energy also is utilised. 



io6 
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The water passes over the summit of the wheel, as shown in 
Fig. 84, and falls against and into the buckets. This type of wheel 
is used for falls varying from 10 to 70 feet, with head-water level 
varying not more than 2 feet. Its efficiency would be greater were 
it not for the loss of water owing to the horizontal velocity of the 




Fig. 84. 

latter, and to the fact that the tail-water does not readily leave the 
wheel-pit, l)eing projected from the Avheel in the opposite direction 
to that of tail-race flow. 

'i'he efficiency is given by Fairbairn* as about 60 per cent., but is 
generally more, l^nwin gives 75 per cent. 

'Jaking 70 per cent, efficiency, the useful horse-power is 

62-4 X O H 
•70 X — - = "08 QH nearlv, where H is available head 

in feet. 

The water should have a greater velocity than the circumference 
of the Avheel, the latter being about 6 feet })er second ; the former 
should be al)out to feet per second. 'Jliis velocity is acquired by 

falling through a height 10'- = 2gh or // = = 1*55 feet, or 

04*4 

the water should enter the Avheel at a point that distance below the 

level of the surface of head water. 

The construction of the wheel is shoA\'n in the figure. The depth 

* Fairbairn 's * Mills and Millwork,* Part I. p. 123. 



Breast IVah-r- Wheels. 



Qi ihc shrouding s (Fig. 85) is from 10 to 18 inches. The diameter " 
of thf wheel is from H- 1-3 to H — 2- 5. The number of buckets 

, . circumference 
>' Ucmji = . 

If f> is the inside breadth of the wheel, neglecting thickness of 
buckets, the capacity of that portion of the wheel which passes the 
»Iuire in one second is 7-bs, v being the velocity of the wheel. If 
the water supply is more than one-third of this there is great loss by 
spilling of the water. 

Brkast Wheels. 

This considerution, and the fact that these wheels do not readily 
clear ihemse'ves of tail-water, nor work well if immersed more than 
I foot in it, led Fairbaim to devise, or improve, the bre.ist wheel. 




Fi^'. 85- 



This type of wheel, shown in I-'ig. 85, has been much used. 'I'he 
water here acts by its weight alone, dro])pins into the buckets nearly 
vertkally through the ajiertures m the end of the pen-trouf;h 1', which 
is riiaped to fit the circumference of the wlieel. 'I'he bre.isl It. of 
mnonry, serves to some extent to prevent spilling of the water; but 
in high-breast wheels over 20 feet in diameter no brc'ast is required. 
The earliest form of the hif^h breast wheel was callenl a piti'h-hark 
wheel, which was a modification of the overshot wheel introduced by 
the millwright in cases where the support of the trough over the 
summit was difficult, and where the tail-water Iiad not a free flow, 
'I'he «-ater was droppc<l into the wheel at a |K>int varying from 25" to 



r 
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High-breast wheels take the waier within 
wider liniits, but in all cases above half (Jiaineter. 

Fairbaim's improvements consisted mainly in (1) putting in 
curved sheet-iron buckets instead of wooden ones : (2) only partially 
filling the buckets and ventilating them, as shown at right-hand ade 
of Fig, 85 ; {3) making a close breast to prevent undue waste of 
watfer : and (4) generally using iron instead of wood in the constrac- 
lion, lightening parts where [jossible, and providing a belter means of 
giving off the power. 

The older wheels usually drove from the axle, a spur-wheel on the 
latter gearing with a pinion, which in turn drove other gearing, ami 
hence the machinery. 

Fairbaim usually employed a segmental spur-wheel — fastencil 10 
ihe arms (A A, &c., Fig. 85} and shrouding near the inner cia-umfcr- 
ence of the latter^which drove a pinion. This method had t»0 
advantages: it relieved the arms of the wheel of bending stresses, 
and it gave a greater speed to the pinion, often allowing iiitermediaw 
gearing to be dispensed with. 
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Refer to sketch on 



The following is Fairbaim's construction, 
lower left-hand comer of Fig. 85. 

I^t ff i be a line cutting the outside circumference of the wheel 
where the water is to enter, and in the same direction. Measure 
fc = the distance apart of the buckets (5 to 8 inches for higji- 
breast, and 5 to iz inches for low-breast wheels). From point c dra*' 
a radius of the wheel ( d. Then gh is the fiat part of the bucket, and' 
eg the sloping part if the buckets are of wood. If of iron, draw the 
curve at discretion, as shown, making due allowance for the speed of 
the wheel. 

'J'he construction of the wheel is readily seen from the illustration. 
The axle is of cruciform section with sockets keyed on it, into 
which the arms are fixed by cotters or bolts. The shrouding has 
little guides of angle-iron fastened to its inner side, to which Ae 
sheet-iron buckets are bolted, the soling being also of sheet iron. 
The water is admitted through the apertures shown in the pen-trough 
P, and drops into the buckets, the supply being cut off by the curved 
plate C, which is drawn over the inlet oritices by the rack r, actuated 
by the pinion /, which may be moved by hand or governor, the 
lower orifices being closed first to preserve the efficiency with paiti 
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Undershot Water- Wheels. 
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■u;i)i'y by increasing the average head. Fig. 121, p. 154, shows the 
i>|»e of governor used by Fairbaim, 

1 jrge apertures for the passage of the water are necessary, and in 
[;n(tif e the ordinary vertical sluice is often employed, instead of that 
^hou-n. 

'ITic efficiency, under favourable circumstances, is from 70 to 75 
per lent. 

I-ow-lireast wheels were used by Fairbaim for as low falls as 5 to 
(feet, the diameterof the wheel being about 16 feet, and an efficiency 
)f about 50 per cent, was obtained. 



Undershot Wheels. 

These belong to the oldest type of water-wheel, as a reference to 
^wbank's description of ancient water-raising appliances will show, 
he ol<l types were very inefficient. Smeaton improved them, but 
oncelet brought them to a high stage of efficiency. The theory of 
is construction has been referred to. 




Tht wheel is shown in Fig. 86. It is useil for falls up to 6 feet. 
t acts on the same principle as the impulse turbine, the momentum 
if the water being utilised. The water enters the vanes with a 
elority nearly = Va^A. It glides up the tlo.it, comes to rest, 
nd then leaves the wheel with very little horizontal velocity rela- 
ive to the earth, hence with little horizontal kinetic energy. 
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The best circumferential velocity of the wheel, v^ is from '5 to 
• 6 V 2 i' H, speed of wheel v^ is v dn^ where d is the diameter and n 
number of revolutions per second. Thickness of water stream 
entering wheel should not exceed about lo inches. 

h being the width of the stream, and the wheel is made about 4 inches 
wider than this. The efficiency is often 60 per cent, but may be as 
high as 68 jxir cent. 

Construction for Curve of Vanes. 

The following is given by Fairbaim : — Draw cc the external dr- 
oumference (lower left-hand comer of Fig. 86), a E the radius of the 
wheel. Take ab= ^ to ^ of the fall. 

Draw the inner circumference of shrouding through h, Supfwse 
water to strike bucket at a and in direction ad\ draw ae peipeu- 
ilicular to a </, so that the angle e a E ij from 24' to 28^ Take, on 
iU\fg = \ «// and from centre ^c win iadius^c<7, describe the curve 
of the float. 

The number of buckets X is iji jn bv the rule 

X = 5*/4- 16, 

lor wheels of from 10 to 20 feet in diameter. 

In these* illustnitions onlv a few of the buckets or floats are dra^n. 
but it will be understooil that the circumference of the wheel has 
symmetrically s|xiced buckets all round it, as in the portion in whic^ 
such buckets are shown. 
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CEXTRIFUGAL ri'MPS. 
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of uhich was published in 1754- 



Cent rif-ugttl Pumps — Iniroduction. 
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), ihe ] 



; patent of a Mr, M'Carty, ^ 
cil in Iht; Uniltd Stales Navy Yard a( New York, Several pumps 1 
ifere tried by French engineers, but the apphaiice only came into I 
:oinmercial use after the great Exhibition in London in 1851, when ' 
the Apjjold pump was brought prominently into notice, wi 
dTiciency about three times that of any other exhibited. 

Mr. Appold made many experiments, some of which sc 
show the greater efficiency of curved vanes over radial ones. There 
are, however, many things lo be considered, radial vane pumps 
being now made (mainly by French makers) with good efficiency. 

There is no doubt, however, that the late Mr. Appold, in con- 
nection mainly with improvements in the revolving part or fan, and 
Professor James Thomson, in regard to the whirlpool chamber, did 
' ! lit than any others to make the centrifugal pump an apparatus of ' 

u practical and commercial value. 

Uater cannot pass along a path of suddenly changing curvature 
"ithout loss of energy, which loss is greater, the greater the velocity 
"f tile water. This fact must he home in mind in designing machines 
like centrifugal ptimps or turbines, to act on or lie acted u[>oii by 
"aier. It is absolutely impossible for a frictionlcss liquid to flow in 
■I lath discontinuous as to cur\*alure. 
"aicr be comjielleil lo flow, say, along a 
1"!*: which suddenly changes in diameler, 
II j'foiluces for itself little whirls o 
"Inch act as wheels to help i 
llic comers, just as one puts rollers 
"ii'Icr a log of wood to get it moved 
■'lotig more easily. \Vherever such eddies 
^0 set up energy is wasted, not only by 
■he whirls in the comers, but by smaller 
^Mvti set up and carried along by the 
"!««. If we compel water to flow in : 
Nh like B A C (Fig. 87), it creates eddie 
lo carry it by a path of continuous change of curvature from B to C. 

The probable truth of this conception of eddies can be shown 
"^^l^ri menially, for if the water flows along N, and you make it pass 
'ound a similar cur\-e M, you do not gel as much waste of energy in 
'he second operation as the first ; whereas, if it first pass along R and 
'hen round S, a similar curve, but bent the opposite way, you get fully 
18 much H-asle at the second her d as the first. This seems to indicate 
'hat the liltie eddies created at N are available at M, but those pro- 

^ at R liave to be destroyed and new ones created, rotaling in the 
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ot>l>osile sense, in order to carry the fluid round S, It is evident, 
thtn, that great care must be exernsed, in designing a reatriTu^ 
pump or turbine, to provide for the water a path free from abrupt 
changes in direction. The vanes and other guiding surfaces have to 
1)6 placed at the proper angles, so that the water may pass into or 
out of the wheel without sudden change in direction or velocity, and 
all curves should have a gradual change of curvature, such as may \x 
obtained by using an elastic strip as a template, 

A pump is designed to add to the store of energy ix)ssessed by 
every pound of water ])assing through it. The calculation of the 
addition, positive or negative, which the vanes of any pump or vrbeel 
give to each pound of water is not difficult, though writers on this 
subject have confused the issues, and frightened students, by etula- 
vouring to use inathcmatics to find out things wliich cannot k 
calculated properly at all. The leailing principle on which ivd 
depend in designing these machines has been very lucidly esplaiiwl 
by Professor Perry in an illustration like t!ie following : — Suppose a 
man jumps into an American railway train, and afler wandering 
about through it anywhere, jumps off again ; how do we calculate ita 
energy, positive or negative, the train has given to him ? Find his 
momentum in the dire<-tion of the train's motion just before k 
alights on the train, and also find his momentum, in the same (iirec- 
lion, just before he leaves it. The difference of these is tbt 
momentum he gives to the train, and "momentum per secomi' 
is force. Suppose a number of men coidi! perform the feat every 
second, following each other with the greatest regularity, then ibe 
momentum given to the train in one second could be readily calcu- 
lated, or the force which the men exert on the train could be found- 
This force, multiplied by the distance passed through by the trab in 
one second { = v where v is the velocity of the train) would repre- 
sent the energ)- given per second to the train, or by the train to the 
men, as the case may be. 

Now, if we wish the men to enter the train without receivinj' 
shocks from the partitions, it is evident that we should shape those 
partitions in a peculiar way. It may be well to first of all consider 
this illustration as bearing on the action of water in the cenirifogal 
pump, in which case the water is not guided before it enters. 

An example will best illustrate this. Suppose water flon'ing' 
radially with a velocity of 4 feet per second into a wheel rotating, at 
the point where the water enters, with a linear velocity of 8 feet per 
second, how ought the vane to be shaped so as to allow the water to 
enter with as littJci shock as possible ? 




Velocity and Lift. 



Let A B, Fig. aa, tie ihe curvi; of th<; whetl. Draw C I> normal 
lo A B, and make it 4 units long to represent the radia! \eiocity 4. I 
Draw C E tangential, and 8 units long, then the direction of the ' 
resultant C F is the proper direction of the vane just at the tip, 

is the direction in which the partitions of the 

mrriages in the American railway train ought 

to be sloped so as to give as little shock as 

possible to the men entering it. But we alsu 

sec that the man ought not to try to enter at 

nght angles to the direction of the train's 

motion. Hence in turbines the water is guided 

m the proper direction before it enters the re- ■£/ 

solving wheel. 

Take a simple case (Fig. 89) : the water had 

w momentum in the direction of Che motion of 

Ihe wheel before it entered it, at A ; having 

entered it now moves along the vane A B, 

.Kiattually attaining the velocity of the wheel, 

and then it finally leaves at U. If the vane is 

rarlial at B it has the same velocity as the wheel 

just before it leaves. Let this velocity be v 

feet per second. Then every pound of water 

loving B leaves with a tangential i 



JJ-i 



and retards the wheel with a force 
acting at B. This force x 



of 



the energy the one 1 



fKiund of water receives per second from the wheel = — 7^ ■ 

(Jne pound of water in the discharge chamber of the pump has 
Ij.iined this much energy from the time it left the supply-pi [>e, except 
thai it lost some of its energy by friction. If the vanes were bent 
backwards towards D, the water would receive less energy than , 
ihis, and if they were bent forwards towards E, it would receive 



The water gets the energy to sijuander or store a 
It does squander a good deal of it in friction. But if il 



. It pleases, 1 
converted it 1 



sll into potential energy it would raise il to a height — ~ feet; il 

other words, it would be lifted to a height, above the pond from ' 

which it was taken, of- — -, or to a heieht twUc Ifmt due lo /!if vdocltf 

3i'a 
^^^ clrcumfermc^ of the vjh<ii (ivnzc the velocity 7' is due id a height 
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given by the rule r* = a gk, or k =7~r )■ Suppose the rim of thf] 

wheel had a velocity of 46'8 feet per second, a stone would &1I 
freely through 34 feet to acquire this velocity, hence the total lift of 
(he pump (if (jerfect as our nile assumes) would be 68 feet. 
The real height to which the water if 

lifted, divided by the ideal height — —, li 

the efficiency of the wheel, or tather rf 
the water passages all through the pump, 

The wheel gets energy from an engine, 
and the energy given out by the engine/fi" 
pound of water U/lfd is a measure of lie 
efficiency of the shafting, belting and wbed- 

It may be welt now, having considered 
some of the elemeniar)' laws govemir^ 
the action of the centrifugal pump, to go > 
little more fully into the considerations 
influencing the sizes and shapes of tk 
pump passages, and vanes, 

AVith a steady flow of water 
. I''-" P 
— -|- ^ ^- A = consunt = the toul store 



^t^ 



t—-.^ of energj- of 1 lb. 

In pipes, and in fact, wherever waKt 
Dows, its total store of energy is gradually 
diminished hy friction. The object of a 
pump is to increase this total store. 

In Fig. 90 is roughly shown tbt 

general arrangement of a centrifugal pump. 

H is the total height to which the watei 

is to be lifted, i.e. the total potentid 

energy which every pound of water is to 

receive. Theoretically, k may be anytiung 

under 3a feet ; in practice it is best not lo 

have it more than from 6 to to feet. P is 

the pump, S the suction pipe, and D the deliver)' pipe ; the water 

enters the pump at the centre," being drawn in by the partial 

vacuum produced, is whirled round in the revolving wheel or &n F, 

passing into the whirlpool chamber or diffusor W. and volute or 

discharge chamber I) (Fig. 9a), leaving the wheel with kinetic 

* In H>mc direct-driven pumps it enteis at one siJe dnljr. 




Inner Angle of Vanes. 



= — ^, where i\ is the circumferential velocity of the outside of fan 

S 
(radius r.^). This large store of kinetic energy is gradually changed into 
pressure energy in the whirlpool chamber, and by the time the water 
reaches the delivery pipe it has a 
sufficient pressure to force it up the 
pipe, in which ascent almost all its 
t^ergy is gradually changed into 
potential energy. 

It is necessary that the water 
^ould receive as little shock as 
[Kissible in entering the revolving 
'heel, hence the vanes are shaped 
■IS shown in Fig. 91 (where only a 
few of the vanes are shown), so that 
ilie direction of flow is as nearly as 
possible the same the instant after 
■entering the wheel as it was the in- 
stant before. 

If this is 10 be accomplished, 
evidently if ?■, is the velocity of the 
'■nner circumference, and iv the velo- 
city of the water. Fig. 93 shows 
that by measuring off .-\ B = iv and 
A D = r„ and completing the parallelogram of velocities, 9 is the angle 




Fig. 91- 



J|aured. 
HLdr 
^Khisi 



B that 



gle of the vane just where it joins the circumference. 

In many turbines and some centrifugal pumps (which as far as 
liieory goes are merely reversed turbines) the radial velocity of the 
«ater is constant through the wheel, this necessitating that the area 
of the openings through which the water flows shall be the same 
everywhere. This could be accomplished by making b.^ r.^ = ^i ri. 
fi, and i-i being the breadths at radii r, and r^. 

These dimensions are, however, modified as exijerience and 
experiment indicate. In many good pumps like the Appold pump 
fsee Fig, 96, p. 119) the outside area is much greater than the 
inner, and thus the water leaves with less radial velocity and greater 
pressure, so that a much smaller whirlpool chamber suffices. 

In our radial vane pump — to keep to the easy illustration for the 
mt — if Q be the ijuantitj' of water passing through the pump per 
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second, Q = 2 n- r, *, minus a certain allowance for the thkfcnes 
of the vanes. If v, be the radial velocity of the water at the outtr 




rim, and A the clear area of the opening* by which it leaves 



If w be tht weight of i cubic foot of the liquid, since change of 
momentum per second is force, and 



the force exerted on the water = gain in momentum per second 

g 
and force X velocity per second = work done per second. 

. ■ . — ^ I'j- = the energy given to the water in ft.-lbs. per second 
The total weight of water passing per second is w Q, and ihe 
energy imjiarted per second to i lb. is -^, and it is lifted H feet 
altogether. 

.■. neglecting friction, total store = -^ = H, 






— a law like that for the velocity of a body falling freely. Hence 
we see the vdmty of the run is equal to that of a stone whUh has 
fiilleti freely through a height = half the total lift of the pumf, or is 
the velocity due to half the head H. 



Sloping Vanes. 1 1 j 

'ITiis law is of considerable importance in the case of turbines. 
It is only true neglecting friction. As a matter of fact, the pump has 
to be driven at a greater 
speed than this. It is also 
only true if the pump is 
<lelivering little water, but 
just keeping the water at a 
constant level in the dis- 
charge pipe. If the pump 
were gradually to slow down 

the water would fall and 

drive the pump as a tur- 
bine — supposing a sufficient 

supply available. 

The foregoing, viz, that 

the velocity I'j of the water 

is that of the circumference 

of the fan, is only true for 

pumps in which, as our 

figures indicate, the vanes 

are radial to the outside 

circumference of the fan. 

Very often, in fact nearly 

always in practice, the vanes 

are curved as in Fig. 94. 
If {Fig. 95) v^ is the 

radial velocity and v^ the 

velocity along the vane, i\ 

being the velocity of the rim . 

of the wheel, then the tan- 
gential velocity imparted to the water 

<licated in the figure. 




Fig- 95- 
, which is found as in- 






the tangential force exerted on the « 



- — p, V = the energy given to it per second, 
S 

there being w Q lbs. passing per second, hence the work imparted ti 



each pound of water = 
than ff 



I', V 



1 is less than — , since V is less 



I 
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If ^ is the angle which Ihe vane makes «-iih the outer cii 
ference (Figs, 94 and 95), !v col ^ is the backward tangenral 
velocity, and the forward tangential veIocit>- is evidently 

T', — Vr col *. 
.'. (v^ — r, col ^) -= — = momentum given per second = tan- 
gential force at rim of wheel, and 



* ^'2 (''a ~ 'V col ^) — = H = the enef^- given to i lb, of natet. 

In the case of radial vanes the total ene^y given to the watei in 
the wheel is made up of half kinetic and half pressure eneigj*. for 

total energy given to i lb. =— ^ , kinetic energy = ^~ ,' . pressun; 



In the case just considered, with the backward sloping vane the 
kinetic energy given to i lb. 

and the total energy 

= r,(p, -i>cot.^)l. 
K 

In the pump shown in Figs. 91 and 94, the whirlpool chamber is 
seen in section at W, F being the impeller or fan driven by u 
engine or outside motor, and S the suction ]iipe. The use of a la(g« 
whirlpool chamber is to allow the kinetic energy to gradually die 
out as the water recedes from the vanes. The use of the whirlpool 
chamber was first pointed out clearly by the late Professor James 
Thomson, whose name shall always have a chief place as a pioneer 
in this branch of engineering. 

In pumps with backward sloping vanes, the water leaves the fen 
with comparatively little kinetic energy, and the whirlpool chamber 
may be small. This will be seen in the .Appold pump, Fig. 96, 
where it will also be observed that lateral easement is given to the 
water as well, so that its velocity, and hence its kinetic energy, may 
be small on leaving the fan. 

" Friction is here neglected. H divided by ibe left-hand expreasioti Teallf ' 
(jivcs Ihe hydraulic effieienc/, if ^, is the aclu.tt velocily. \ 
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In order to get the greatest efficiency out of a pump of this kind, 
it is necessary— all other things being equalr-to have the value of 
^ that which will make the total energy a n m x imu m and the kindk 

ittergy a minimum. 

This will best be seen from an example. 
Ixjt the total lift'be 15 feet. 

Circumferential velocity v^^ ^ 2 g x ih ^ ^^' 
Let the radial velocity be \ of that due to the total lift 

.-. 7v = i 'JigyTis- 4»say, 

Total energy = 22 (22 — 4 cot ^) -• 

o 



Kinetic 
Tabulate as below. 


energy = 


(22 — 4C0t^)* 


• 


AnffVA ' rX total 
Angle*. 1 %„^^y. 


^X kinetic 
energy. 

242 


^X pressure 
energy. 




90 


484 


240 


60 


433 


194 


239 




45 


396 


162 


234 




30 


330 


112 


21^ 


1 


20 


222 


61 


161 




15 


156 


1 

25 


I3i 


i 



'I'his calculation is based on the assumption that the circum- 
fcrvntial velocity is in ever>- case the same for the same lift being 
obtaineil from v.. - v^*; H. 

If the angle ^ be tix^ small the vanes are too long and friction is 
increase^.U also if we go much below 30' there is a rapid falling off 
of the total energy. I'he right angle in the above example seems 
to be botwtH.*n 30' and 2o\ 



Thk \Vhiri.p<.hu. Chamber. 

In the pump, in onler that there shall be a minimmn waste of 

energ\ in the whirlpool chamber, the >ik^ter must foQov ^Sa^ iaw of 
maimraijiK^. 

Ut aie pun^ be honiontal {k remains constant in oar equation 

per Uk). Let there be a large whiripool chamber. 



p 


La 


i' of Fhnu in Diffusa}-. 1 2 1 




rate 


of ihangL- of pressure as ne go further out. 


Neglecting /(, 






rUffercniiating, 




r- / 

— + — = i.-onsiaiit. 

2^ 70 



(neglt-cting gravity, and htre 1 
Sulistitutin? value of ^ ,.,. 



> circumferential 



dividing across by — , and arranging. 



= C {a constant) ; 
= antilog C, 



^^■Tbis is the law of natural (low. A jarticle of water travels round 
^Hm spiral path, its velocity decreasing as its distance from the centre 
increases. 

This is the sort of flow water naturally assumes, and it is seen, 
Imt in a reverse order, on pulling the central plug out of a wash- 
liand hasin. In no other sort of flow is so little energy wasted, but 
the flow through the hole is small. Hence, a pump with a very 
laige whirlpool chamber may give a good efficiency and a high 
lift, but may not work we!l if a large flow is required, with com- 
paratively small lift. 

As a matter of fact, the whirlpool chamber, though a splendid 
ingement from iht- theoretic point of view and correct in principle. 



^miange 
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would require to be very large to realise our idea of natural 
This large size would cause inconvenience and espense. whila 6; 
greater surfaces exposed to the moving water would give rise tocofr 
siderable waste of energy by friction. Hence it is probable thai ihe 
common-sense solution of the problem, due to numberleffi e\]a- 
tnents by makers, is the best. 

The wheel having larger orifices at its outer than its inner circum- 
ference, and the badcH'ard slopii^ of the vartes Allows the VineCt 
energy to be small, and to be, to a great extent, converted inW 
pressure energy without the use of a large whirpool chamber. 

Hence the path of the water particle, instead of being that of J 
spiral starting with the point at which it leaves the vanes, is nindi 
more direct, and s|>ace is saved, a larger flow with a smaller pump is 
possible, whilst nearly if not i:|uite as high efficiency is obtained as it 
is possible to have, even", with a Thomson chamber of prarticsl 
dimensions. 

The backward sloping of the vanes does not add to the efficiency 
of the pump unless the whirlpool chamber is of fixed sire and tw 
small to realise our ideal of natural flow. Given a chamber of proper 
size and shape, the radial vane pump is probably as efficient as any 
other. Recent radial vane pumps (by Messrs, Farcot) have givtni s 
high efficiency. They do not require to run at such a high speeJ as 
sloping vane pumps. Radial vane fans also are very efficient. 

'Ilie way in which the foregoing principles have been carried oul 
in typical pumps of English make will be understood from a study of 
Figs. 96-98, where are shown, respectively, the " Appold " pump 
Messrs. Easton, Anderson and (ioolden, the " Conqueror " punip 
of Messrs. W. H. .-Mien & Co., and a pump somewhat resembliiij 
the " Invincible" pumps of Messrs. Gwynne. The last is a workinj 
drawing with some dimensions, which may be of use to the young 
designer, ll may be necessary- to remind such that usually a foot- 
valve is provided at the bottom of the suction pipe, also an orifice in 
the pump cover to allow the pump to be filled with water or steam at 
starting, so that the pump may commence to " draw," 

Change of P8t:ssLRE ixsmE vhe Revolving Wh 

If we imagine the wheel to be horizontal and neglect gravity, 

«h»h «e may do ,f speed and radius are sufficiently great, we g« 

j^^a ready worked out for change of pressure with cylindric lev, 
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The law is, that 



wo? 



/, being the pressure at radius rj, py that at radius rj, a the angular 
velocity, and w the weight of unit volume of the water. If we assume 
that the pump has radial vanes, the whole change of pressure is 

where r^ and r^ are the outside and inside radii, v^ and v^ the 
corresponding linear velocities. 

But the total gain of energy per pound (neglecting resistances) is the 
gain of pressure energy 4- the gain of kinetic energy, and the gain 
of pressure energy is — to stick to our easy rule — 2 • 3 times the gain 
of pressure in lbs, per square inc/i, being 

^■3/^ V.X 2 '3 X 62-4 .. (^'2^ -"^'i^) -^'2 - '^'\ 

144 "^ -^"' 144 2^ 2g 

which is also the gain of kinetic energy per lb. Pressures being in 
lbs. per square foot, the kinetic energy will be expressed in foot-lbs. 

Hetue the gain of pressure energy and the gain of kinetic energy are 
equal. The total gain of energy is therefore twice the gain of pressure 
energy, or twice the gain of kinetic energy. 

This law is also nearly true in a sloping-vane pump, if the pump is 
delivering very little water. 



Change of Pressure in the Whirlpool Chamber. 

Although probably never attained in practice, it may be of interest 
lo study the law of change of pressure in a perfect whirlpool 
chamber, where the water follows the laiu of natural flow. 

Since 

tf oc - , z; = — , or v^ — -^ ^ 
r r r' 

where K is a constant. 

Neglecting differences of level, 

7,2 p 

1 — = a constant. 

2g w 



Hydraulic Machinery, 



Snbsthuting for i', we have 






or P = a constant — 


K'lf 


I*, is pressure «-here ndius is r,; 




.*. P, = a ctnstant 




*«(( P = the SUM coosUnt 3. 


IlKivioK-. aibuactii^. 






K'K- 


"2^''' 


.w r=r,*f.);^. 


-1'. 


.w.-»^l^- 
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he law is practically 

(3) P = P2+-97r.«(i-^). 

Example. — Take p^ = 21 16 lbs. per square foot (atmospheric 
pressure — it should be less than this by an amount equivalent to 
suction height), /"o.^ i ^'^•> ^variable up to i foot, speed 300 revolu- 
tions per minute, plot pressure curve for inside of wheel. 

Continuing the ejcample for whirlpool chamber, Pj = 2833, 
Tj = I foot, {v^ = 985 • 96), we plot the values of/ and r. 

The result is shown in the table. 



V.«Iues of r 
Cfect). 



Values of/ j Values of r 
(lbs. per sq. ft.).i (feet). 



Values of/ 
Obs. per sq. ft.). 





O'S 


2116 

1 1 


I'l 


2999 






•6 


2220 


1-2 


3125 






•7 


2345 ' 


1*3 


3223 




•8 


2490 


1*4 


3302 




' -9 


2650 


IS 


3364 




I'O 


2833 









The left-hand set of values are obtained from the law for the 
inside of the revolving wheel, the right-hand set from the law above. 
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Fig. 99. 



These results are sho^n in curves at Fig. 99, there being /wo 
curves, each with its own law, these curves joining at A B. 



128 



Hydraulic Machinery. 



In the foregoing the elementary conception of radial vanes has 
been adhered to as giving rise to less cumbrous expressiom, but the 
change required to render the work applicable to the ordinary pump 
with sloping vanes is easily made, as indicated at p. 117. 

Centrifugal Pumps is Series. 

Centrifugal pumps are sometimes worked in series. One case is 
recorded by Barr in which two centrifugal pumps working thus — the 
first discharging into the suction pipe of the second — raised water 
through a height of 150 feet. The efficiency of the combination in 
such a case is small. 



Efficiency of Centrifugal Pumps. 

„„ . . r , water horse-power . 

Etnciency is often taken to mean ; — -. — r— m the case 

brake horse-power 
of pumps <lriven by a belt ; but in direct driven pumps it is of^ 
water horse-power 



taken to mean - 



idicated horse-power ' 



\ the brake horse-power is 



not easily obtained. Some of CJwynne's pumps have given- 65 per 
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cent, by the lallur method of nit'asurt-meiit, which of course includes 

the mechanical efficiency of the engine. 

The curves shown in Fig. 100 give a comparative view of the 

efficiencies of centrifugal and reciprocating pumps, on the authority 

of Mr. Webber." 

Professor Unwin has shown that the friction of the water in the 
• ' Tiansaclions of the American Society of Medianical Knjpneeis,' vols, vii. 



Rules for Design. 129 

narrow sp^ace between the revolving fan and the casing has a good 
deal to do with the loss of efficiency. The internal surfaces, especially 
those which touch rapidly moving water, should be as smooth as 
possible. 

RtSUMfi. 

The following rules, collected, or deduced from the foregoing, 
enable some points of the design to be settled, it being understood 
that proportions can best be obtained from the drawings of a good 
pump. 

Let N = speed in revolutions per minute. 

^2 = clear breadth of passages at outside of disc. 
/ = thickness of vane. 
n = number of vanes. 
Then b^ t cosec ^ = area of vane where it meets outer surface, 
and hence clear area =^ iirr^b^ — n b^t cosec ^. 
H and Q are given ; N and ^ can be fixed. 

Q = , -> — where G = number of gallons raised per minute ; 
^ 60 X 6-25 ^ 

also t^2= ^2fH to 1'^ ^ 2g\i in good pumps, the lower value 
corresponding approximately with <^ = 30°, and the higher with 

* = i5°- 

At the outside the radial velocity 

Q 



Vr = 



(2 trr^^b^ — ;/ ^2 ^ cosec <^) C 



where C is a coefficient, usually about * 9. 

N 
Also 2^2 = 2 TT Tj 7— , and V = r.. — Vy cot <^. 

00 

A 
Tlie radial velocity at inner circumference = 7v X -^ \ A.^ being 

the outer, and Aj the inner clear area. 

The radial velocity at the eye of the disc is often taken as 

approximately = '25 V2^H. 

N 
Fix /"i ; then i\ =z 2 v r^ -— , and hence (angle of vane at inner 

ob 

end) can be found as indicated at p. 115. 

Xhe efficiency, neglecting loss at entrance, &c. = ;:7~v' 
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XVI. 
TURBINES. 

The reader who has followeil carefully the reasoning in ihecaseof 
centrifugal pumps will have no tlifficulcy in undtrstanding all tbc 
theoretical considerations which are of much importance in the ase 
of the turbine. A turbine is simply a cenlrifugal pump reveiseil; 
but the turbine is usually furnished with curved guide vanes to guide 
the water as it enters the wheel. 

Remember, if water moves from one place to another undtl 
the action of gravity alone, 1 lb. of it has the following store of 
energy. 

k foot-lbs, of energy (poteniial), being h feet above datura level 

— foot-lbs, of energy (kinetic), because of its velocity of v {ffX 

per second. 

2 '3/ foot-lbs. of energy (pressure), because of its pressure of 
p lbs. per square inch. 

Now water-wheels, turbines, water-pressure engines, hoists, 4Cn 
take part of its store of energy /row every pound of water and ^vc il 
to machinery or to goods or people. As s simple case of the abstrac- 
tion of energj', the action of the turbine may be readily tmderstood 
by the illustration of the railway train given at p. 11 1. 

.\nother illustration is furnished by the suggestion of some one 
that the stations of the Underground Railway in London should be 
furnished with large circular platforms, kept moving so that thdr 
circumferences should go at a known speed, say, 5 miles an hour. 
The trains would not have to stop, hut merely slow down to the 
speed of the periphery of the platform, when the passengers conU 
alight and walk towards the centre of the platform, gradually li 
their kinetic energy, and finally 6nd their way by a spiral staircase at 
the centre up to the street. If a steady stream of people could be 
relied on, no driving mechanism would be necessary, as 
passenger on alighting would give up the momentum recdved by 
him from the train to the platform, thus contributing to the driving 
force required. Of course this is impracticable, but it is a good 
illustration of what takes place in the turbine. Each iwund of water 
gives up its momentum to the turbine, and it should drop out, after 
passing through the turbine, with m momentum in the direction of 
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■ tuH)iti 



s motion, like ihe man going up the spiral 



Turbines may he roughly divided into two classes— 
r^.ines and impulse turbines-^in the first of which the wheel 
■ viages ate always full and therefore the water under pressure ; and 
! I '.he second the passages are not usually filled. 

In considering tlie action of the turbine, it may be well to study 
: . ■ inwanUflow turbine of Prof. James Thomson, as the theory of tlie 
iiiibine is in this case most clearly exemplified. Water flows from a 
pcn-iTough through cast-iron 
p.[« to -A (Fig. loiff). Re- 
member the pipes should be 
bcII-mouthed and as large as 
a>nvwii(aice will allow. 

F^ loi a, and the en- 
lar^icd view loi b, show a plan 
of the chamber B into which 
Ae water flows. This chamber 
B 80 large that the velocity 
bac is xnull, and the water 
Ands its way cciually readily 
irto the central space where it 
tows guided by the guide- 
btadts I, I, 3, 4, into the 
t«iiiTin(( whceL 

Al !ht^ last, just before it 
•^ii'.-ts lilt whMl, it has a very 
r;rnv.i.-tiljlc velodty as ihe 

r^u n small, the guide-bla<!e clumber being narrow. The guide 
Mi li-A 1 ause the water to flow radially as well as tangentially, t 
ttw(tMiuii vdocity being equal lo diat of the wheel. 

Kytfl Hanteil to enter .i moving railway train without shock you 
•r«l«l lie Bisc to get up u velocity equal to that of the train in the 
Blue diiei tion before jumping iu. Heuce the fangmfiaJ coni[ionent 
o[ iht water's velocity should be that of the circumference of the 
nureuii; whccL 

easy lo fmd tlie angle 6 the guide vanes make with the wheel 




*;iR>iiB(Emice ; 



n the case of the radial-vane cuntrifijgal pum[), 



TV stupes of the wheel vanes are shown in the left-hand v 
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Fig. 102, and a part section by a plane through the axis is shown to 
the right. The outside breadth b^ is about J ^1, and r^ about twice 
r^, which is = b^, thus giving a constant area through the wheel. 
The radial velocity through the turbine is often taken as about one- 
<;ighth of that due to the total head, or 



also 

Q = A t'r = 2 TT Tj ^2 ^ ^n 

or 

= 2 TT (2 ri) X — X Vr, 
or 

Q =s Z/r X 2 'rrr^. 

In practice allowance must be made for the thickness of the 
vanes. Neglecting this 



-v 



2 TTZ/y 



The horse-power of the turbine, neglecting all losses, is given by 
the rule 

H.P. = H.QX 60x62-4 ^ .„34. H. Q = HG X -708, 

33000 ^ ^ 

where G is the number of gallons passing per second. 

The «/x^«/ horse-power = -085 HQ= •53iHGat75per cent. 
efficiency. 

In the foregoing, for the sake of simplifying the expressions, the 
wheel vanes are supposed to be normal to the outside or inlet circum- 
ference. As will be seen from the figure, they are not quite normal, 
but slope, so as to more readily admit the water. Thus the water 
the instant after it enters the wheel has not the same but a greater 
velocity, in the direction of the circumference, than the wheel, as it is 
mowvag forward as well as inward along the vane. 

The forward component of its velocity must be added to the 
velocity of the rim. 

The construction may be simply given as follows : — Draw E 1) to 
represent the tangent, and B D the vane (Fig. 103) at the point where 
the latter meets the inlet surface of the wheel. At D draw D C at 
right angles to £ D and of length to represent the radial velocity of 
the water. Draw C B parallel to D E and produce it, making A B 
to represent v^ the linear velocity of the outer circumference. 



134 



Hydraulic Machinery. 



Complete the rectangle A £ D C, then E D represents the adud 
velocity v of the water in the direction of the tangent. Evidently 
V = 7'3 + TV cot ^. 

If Q be the quantity passing per second through the whed, 

the momentum given per second by 



the water to the wheel is 




g 



(«^, + Vt cot ^), 




,3 



Fig. 103. 



which is the force acting on the wheel, 
and this multiplied by v^ represents the 
energy given to the wheel per second 

by the mass — -= of water. 

g 
The energy given per second. by 

I lb. is 

- (t'j + Vr cot ^) 7'2 foot-lbs. 

o 

This appears to be greater than — » 

the energy given per second by i lb. in 
• the case of radial vanes. It is greater 
if 7'.^ is obtained as before (see rule for circumferential velocit)of 

centrifugal jmnips if vanes are radial, p. 113), by equating — to H, 

the total fall. 

lUit in this case the velocity v.^ would not be strictly the same as 
bef«)re, for to get it we must i)ut the energy given per second by i lb. 
of water equal to the potential energy lost, i.e. H. 

Or, neglecting hydraulic losses as before, 

- (^2 -f * r <'0t <^) 7'., = H,* 
7'./ -f 7'm 7V cot <^ = ^ H, 
or 7'./ = ^^\\ ^ 70 Vr cot <^. 

For radial vanes, 7'.,"- = if H. 

Kvidently 7 .. is less than in the case of radial vanes, but as cot </► 
is usually small, 7o7vcot <^ may often be neglected. A calculation 
shows that for an angle of 60° and head of 60 ft. 7\ is about si per 
cent, less than in the case of radial vanes. 

♦ Really the left-hand expression divideil by the right = i| (the hydraulic 
efficiency). 




The condition determining the angle which the vane should make 
at the outlet surface of the wheel is that the water should leave with^ 
no tangential velocity, therefore with no 
kinetic energy in the direction of the 
wheel's motion. 

In the case of the inward flow tur- 
bine we are now considering it is not 
difficult to see how the necessary c 
s obtained. 

Draw v, (Fig. 104) normal to the 
inner circumference, and make it, say, 
= J of the velocity due to ihe total 
head = i -JiJU.. 

Draw I/, Lingential to the i 
circumference, and make it = '66 Va^ H X -' as the best practical 
value ; complete the parallelogram, then the i 
<v of its own, also a forward velocity i\ due to the wheel, and we 
want it to issue with no tangential velocity relative to the earth. 
Evidently the actual velocity it has (represented by v^) should have a 
component = the forward resultant velocity in the same direction. If 
a is the angle required, then i.'„ cos a = 7/,. Thus a. is obtained, since 
tan ci = — ', V, and j\ heing at right angles to one another. 

A similar construction will be required in axial flow turbines, 
;; being drawn norm.il to the outkt surface of the w/ieel, whatever it 
may be. 

Radial Flow Turbines. — Shapes of Vanes. 

The shape ofvane adopted in practice is like that shown in Fig. 102, 
a contrary curvature being adopted. This is to avoid as far as 
PQssible the contraction of the vein of water flowing from the buckets 
of the wheel, for it has already been pointed out that wherever a vein 
of water issues from an orifice which is of such a shape that it ccn- 
Iracls the jet, energy is wasted j and at p. 60 coefficients of hydraulic 
resistance are given enabling us to calculate the waste of energy in 
some cases. Now tlie shaping of the vanes as here shown gives a 
closer approach to a uniform depth of channel for the water near the 
innef circumference, and hence less contraction and less waste of 
energy. A very marked contrary curvature would be objectionable 
I reasons already explained. 



136 



Hydraulic Machinery. 



It can be shown that if the angks of tiie vanes are piopeilj 
arranged and the proportions of the turbine correct, the shape of the 
vane itself is not of great importance, as turbines widi widely differing 
shapes of vanes give nearly the same efficiency. The sur&ces of tbc 
vanes should be smooth and the vanes thin, all abrupt changes in the 
curvature of the water-path being carefully avoided. A good con- 
struction for the vane outline is as follows (Fig. 105) : — 

Construction. 

With centre C and radii r^ and r, draw the outline of the inner 
and outer circumferences of the wheel. 

Take any point P on the inner circle and make C P D = o. 

Cj 




Draw C D perpendicular to P D, and a circle from C with C D as 
radius. Make P Q = the inner pitch and draw C Q L. 

Imagine a thread wound round circle C D and fastened, say, at E, 
this thread bearing a pencil at P. Let the thread be unwound ; the 
pencil will trace out a curve like P L M, M being a little to the left 
of C Q L. 

Draw F C; a tangent at point where vane cuts the outer circum- 
ference, and make the angle C, F H = 180° — </>.* 

Then complete the vane from F to M by hand, or with an arc of 
a circle ; the wheel revolves in the sense indicated by the arrow. 

Radial Outward-Flow Turbines. 

Outward-flow turbines were used before those with inward flow, 
but the construction is very similar in the two cases. The Foumey- 

* In the Thomson turbine ^ is usually about 60^. 
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I turbine is one of the best known of this class. The wnlLT, unilf r 
due to the head, enters at th« centre e (Fig. io6), passes ] 
the guide passages J A into the wheel a, which is driven ' 
mid in ihe direction indicated by the arrow. This wheel is not 

self-governing, like the Thomson turbine, as an increase of 




I 






spwd causes an increase of centrifugal force, which in this case acts 
*ith the flow and tends to irurcase the power and speed of the 
turbine. 

The regulation is usually effected by a cylindrical sluice gate, and 
often the wheel is divided by horizontal partitions into parts which 
^te, in fact, separate turbines, the water being then shut off from 
fee portions successively, if diminished output be required. 

This turbine is not used with a suction tube, whereas the Thomson 
■wbbe and many others have such a tube, which often adds 4 per 
'cm. to the efficiency of the turbine, and allows it to be placed at 
any convenient height (within certain limits) above [ail water. 

A complete section of a Foumeyron turbine, of recent date, is 
ihowo in Fig. 117. This wheel gives a high efficiency. 

In (he rules for radial-flow turbines deduced above, the radial 
velocity of the water is assumed. If this somewhat approximate 
method be not accurate enough, it is easy to get out exact trigono- 
metrical relations between the various angles, speeds, &c. Our 
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space, however, does not admit of an explanation of this somewhat 
tedious method. Graphic solutions, where possible, are preferable.*- 



Axial-Flow Turbines. 

As the name implies, the water in these turbines enters the guide 
vanes in a direction parallel to the axis of the wheel. Hence the 
guide vanes A D, B C, &c. (Fig. 107), should be normal at A and B, 




and nearly parallel straight lines making the proper angle with K N 
at D and C. Thus we have the following construction for the shape 
of guide vanes. 

Make D C equal to the distance from centre to centre of vanes at 
middle radius of outlet guide surface. Make the angle C D F = ^, 
calculated as in the Thomson turbine. Draw CFG perpendicular 
to D F, and thus find G the centre from which the arc F A is drawn. 
The other vanes are shaped in the same way. 

The guide vanes are secured between two concentric casings, the 
water passing through the guide passages A D C B, &c., into the 
wheel passages. The wheel vanes are not quite normal to the inlet 
surface L M, and they may be drawn as follows : — Make R S equal 
to the pitch, and draw S P and R Q, making the outlet angle a cal- 
culated as before. Next, to find J, the point in which the vane outline 
meets the inlet surface L M. Draw any line H I making the inlet 
angle <^ with L M, and make I H O a right angle. To find ^ set 
off* along the vane outline a distance, say D F, to represent the 
initial inflow velocity of the water, draw F E horizontally to repre- 
sent the velocity of the wheel ; then E D makes with L M the 
required angle. Bisect the angle R O H (R O being at right angles 
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E' 
:P), and through P tlraw PJ perpendicular to this bisector. This 
Tmines the point J. Draw J X parallel to H O to meet R O in 
which is the centre of the arc J P. One vane outline being 
toiuid, all the others can be drawn by template. It should be noted 
■i.it the arc JP should be "eased off" near its Junction with the 
iiraight hne PS, so that the change of curvature may be gradual. 
This can be done by using an elastic strip as a ruler, 

I This figure is supposed to show part of a development of the 

cylindric surface concentric with the shaft axis, and passing through 
the point of mean radius of the guide and wheel ]jassages. 
The method of finding the various angles has been fully explained 
in connection with the 'i'homson turbine. It is evident that points 
on the inlet surface of different radii have different velocities. Hence 
'^le value of v^ taken is that for the mean radius, the surfaces being 
"■dually made slightly helical to agree with the change in i\. In 
inipulse wheels the surfaces are not helical. 
L l"he velocity of flow into the wheel is given by the rule 

I ''=K^2^H, where K is about -67 for Jonval turbines. A 
I ^mmary of the usual values of K for different wheels is given at 

"■ '45. 

iTie ratio of the area of the guide passages to that of the outflow 
""eel orifices is also required. This is nearly unity in Jonval 
'"'bines. The ratio of outside radius to breadth of wheel must be 

"^etj, This, in the Jonval turbine, described later on, is , or 

17-72' 
aliout i\ to I. 

These data fix the main points of the design. For further details 
'''^ student should consult standard works on the turbine, 

Some authorities give the guide vane and wheel vane angles as 
measured from a nonnal to the inlet and outlet surfaces, or in other 
'i^rds, the complement of the angle here taken. 

ImPL'LSK TukRlNKS. 

A reaction turbine is designed to work always full of water, con- 

L tinuity of flow being essential to efficient working, To obviate the 

I rfiflrculty of low efficiency with variable flow, exjierienced when re- 

" action turbines are used with very variable loads, impulst turbines 

liave been introduced, in which the wheel passages arc supposed 

ntver to be filled with water, the water in the wheel being under 

.iimosphcric pressure only. In a reaction turbine continuity of flow 

necessitates very careful design of passages as to section, &c. 
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In designing an impulse turbine, since the passages are not lt> be 
tillt;cl, there is much more latitude for the designer, and anv dimeih 
sions (within wide limits) may be chosen which seem convenient, la 
these turbines the quantity' of water passing does not so much affect tht 
efficiency, hence speed regulation may be effected by paitially closing 
the guide passages. Turbines of this class, often called Girari 
turbines after the inventor, are much used now, ha^-ing in nuDf 
cases, especially on the Continent of Europe, displaced the older re- 
action turbines. 

The velocity of flow into the wheel in an impulse turbine is 
determined by the rule r', = K V»^H. K usually ranges in v-alue 
from 0-9 to 0-95. 

Professor Unwin has given * a very neat construction for vane 
angles, &c., of an axial-l!ow impulse turbine. Refer to Fig. 108, 
where the unit is \';.^'H. First decide the energy to be rejecicd 




Fig. 108. 

into the tail-race per lb. flowing. Let it be lo per cent. ; the velocity 
corresponding to ^^ H is v^=- -32 Vaj^H. Draw the triangle <'' 
velocities C A B so that r, (here assumed constant) is the vertic*' 
component of the initial velocity v.; then CA is the direction in 
which the water enters the wheel ; and hence the direction of tl* 
guide vane here, the other end being vertical. Bisect C B I 
Then C D represents the proper velocity of the wheel (see p. 145), 
and AD is the direction of relative motion of water and wheel, and 
is tangential to the wheel vane at its inlet end. The relative velocity 
remains unchanged in an impulse turbine. Set oflf B E = i\ 
velocity of the wheel : then A E ( = D A) is the direction of the 
relative motion of water le.iving the wlieel, and hence tingential 10 
the vane at oudet end. The three angles required are thus deter- 
mined. Since the relative velocity v,, is changed to w,. in pa 
through the wheel, . • . D E (representing V,) shows the velocilf 

* Lcitlure on ' Water M01..15,' delivered at Insl. C.E. on March 5, 1885. 
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itilised in die wheel. Hence each pound lost; 
of which — ^ is utilised. Hence 



y 



' tgH 



o-8()' (from figure V, = '89 v'l^H) - 



.■79. 



The wheel vanes a 



allow free deviation. 



ually widened 
1 to the left. 

h is sometimes useful to delennine the exact afjsolute path of the 
ii.itt. If there were no wheel vanes the absolute path would he 
■\ H, and the relative path A G. The wheel vanes, however, deviate 
the tt-atcr the distance L K from AG. Set off M N = L K. Then 
!J is a point in the absolute path. Other points may be found in a 
similar way, and the absolute path drawn. Or the absolute path 
being chosen, the wheel outline can be found. The absolute path 
should be of continuous and tolerably uniform curvature, and the 
*aler-stream a convergent rather than a divergent one. 

The sectional area of the guide jiassages is determined from 
Q = A f, since they are always fu!l. Since the moving wheel vanes 
I'htrjiet the flow from the guides, it is usual to find A (the outflow area 
of the guide passages) from the rule v = o ' 85 v' 2 ^ H, instead of o ■ 90 
''fo-gS X -J'Vg'Y^. 

In axial impulse turbines the angles just referred to are usually 
'"^ same at the inner as at the outer circumference, helical surfaces 
Dot being adopted here. 
iThc shapes of tht- wlu-d >.i7iu^ an/ shnuu i.m-hlyin Fig. 100, the 




yM)" 



Fig, 109. 



Upper or inlet ends being very much hooked or scoop-shaped[ the ^ 
lower end straight for some distance. The number of vanes 
always ^rt7/<r in the guide apparatus than in the wheel, to allow free ' 
deviation, as already described. 

Y\^. 110 shows the path followed by the water, the wheel being- \ 
sed at rest. The water passes out of the upper guide portion ' 



L 




' i. 



\ 



Mixed-Flow Turbines. 



i method of 



bito the lower wheel buckets, which are mt filled. The method of 
Hrentilating the buckets is shovni by the apertures a, &c. 

Tig, J II shows a section of a Girard axial-flow impulse turbine, 
xnade by the Continenlal firm whose Jonval turbine is shown in 
Fig, izo. The figure shows the construction of the wheel and the 
method of supporting and fixing the same. 



Efficiency and Vklocity. 

Fig. '12 shows roughly how the efficiency of ai 
bine is aftecied hy varying the speed. It will be s 



I ward -flow tur- 
1 that the best 



unloaded. 




very nearly half that 



Mix£D-Fl(>w TcBBisEs. — The '• HF.BCuc.fcis" Turrine. 

The " Hercules" turbine is a mtxcd-How turbine of American 
design, the water following an inward and downward course through 
the wheel. h\ entrance the water moves nearly radially, the motion 
bving a small downward component, but as it passes througli the 
*l»el the downward component becomes more important, A picture 
of the wheel is given at Fig. 113. 

In regard to the velocity of the wheel, we find, from data published 
by the makers, that a wheel 2 feet in diameter, suited to worlf with a 
bead of 40 feet, should revolve 308 times per minute. This gives 
rise to the rule 11 = -635 y/j^H, rbeingthe circumferential velocity 
of the wheel. The rule agrees very nearly with that given by Pri>- 
ftswr Unwin for a Thomson turbine. The curves of vanes, i:c,, are 
Ihe result of many experiments, and the shapes arrived at give a 
''igh efficiency, especially at less than full flow. 

The results plotted in Fig. 114, certified by Professor Thurston, 
^remarkable, showing a maximum efliciency of 87 per cent., with 
'0 per cent, when the gate opening was less than one-half of the full 
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amount, or the flow 60 per cent, of that when the gate was full open 
These figures show incidentally, what the reader has no doubt alread 




Summary of Rules {Turbines). 

owing to the wide wheel passages, objects may pass through the 
wheel with but very Utile injury. Also the pressure on the footstep 
bearing is small, owing to the direction of flow being largely radial.* 
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The "British Register-gate" turbine is of British construction, and 
\eTy similar to the " Hercules," but does not give quite so high an 
• fficiency. 



^r Re 



ScraiMARY OF Rules as to Velocitv, etc 

As one of the first things to be cli;iemiined is the velocity of the 
circumference, the following are the best average values of 
; authorities : — 

N«a,e of Wl,.d. lon^w^Ci^umf^enc; 

Reaction turbines :— 

(Thomson (inward radial flow) 
Jonval (axial flow) 
Foumeyron (outward radial flow) , 
Mixed flow (various) 

Impulse turbines 




o-(J6 Vi^H 

0-625 Va^H 
0-67 to 0-77 •</ 2gH 
0-45 to 0-5 •>fiigii 

Guide Passages into Wheel. 
Velocity of Flow. 

67 VTTh 

^i'JigB. _^ ■ 
9 to 0-95 VajH 
Indebted to Mr. Tambull 
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Classification of Turbines. 



a 
o 

s 

< 

o 

■^* 

-a 
a 

o 



Impttlse Turbines 

Wheel passages not filled ; free devia- 
tion ; no pressure in clearance space 

Discharge above tail water. 



Reaction or Pressure Turbines, 

^ Wheel passages filled ; pressure in 
clearance space. 

Inward, axial, or mixed flow ; dis- 
charge usually below tail water 
or into suction tube. 

Outward flow; discharge usually Inward, outward, or axial flow, with 
above tail water, and without complete or partial admission, 

suction tube. 



XVII. 

SOME TURBINES AND TURBINE-POWER 

INSTALLATIONS. 

Power from Niagara Falls. 

To utilise at least a small part of the immense power running to waste 
at Niagara Falls has been the dream of engineers for many years. 
The late Sir William Siemens, in his address as President of the Iron 
and Steel Institute in 1877, gave expression to the general feeling 
amongst engineers that in the near future advantage would have to 
be taken of the great water-power stores of energy provided by 
nature, and he computed that all the coal raised throughout the 
world barely represented the power of Niagara. In Continental 
countries, such as Switzerland and Sweden, much had then, and more 
has since, been done in this direction, and now, towards the end of 
the century, the greatest water-power installation in the world is 
approaching completion at Niagara. 

The work of the Cataract Construction Company, or Niagara 
Falls Power Company — a company of wealthy capitalists guided by 
some of the foremost engineers of the time — aims at the useful de- 
velopment of some 1 00,000 horse-power out of the seven millions ot" 
so said to be represented at the Falls. A full description of this 
great work is beyond our province, but a brief outline of the plat* 
adopted may be of interest. It consists in arrangements for tapping 
the Niagara river, at a place about a mile above the Falls, by a can^.^ 
250 feet wide at its junction with the river, and of an average deptl* 
of 12 feet. 



Niagara Falls Power Installation. ia,f 

T»is canal is lined with masonry and contains ten inlets, by which 
e water is taken to the wheel-pil. This pit is 178 feet in depth,and 
Jtmected with the river below the falls by a tail-race, consisting of a 
mncl 7000 feet long, 21 feet high, and 18 feet wide at its largest 
art, with a net section of 386 square feet Over 1000 men were 
Employed for three years in constructing the tnnnel, in which more 
than 16.000,000 bricks were used for lining. The water brought by 
the canal from the higher portion of the river is employed to drive 
twin-turbines of the Foumeyron type, but of special design, each 
p3if of turbines to develop about 5000 horse-power, with a fall of 
"40 feet. The water passes from the canal to each set of turbines, 
through a penstock or iron tube 
l\ feci in diameter. Each of 
'he twin wheels is three stories 
^ligh, and is surrounded by a 
^lindrical gate or sluice worked 
liy a governor of special design, 
''he water from the penstock 
Passes up through the guidt 
Ponion of the upper whctl, 
acting upivard on the cover of 
Uie upper wheel, which forms 
' baiitieing piston, as shown in 
% 115 ; whereas in the lower 
*hee! of the pair the water acis 
'» in the ordinary radial out- 
*»T(!-flow wheel. It is calcii- 
ated that there will be thus 
tbtained a resultant upward 
orcc or pressure from 149,000 
1 iJ5,ooo lbs., depending on the gate openings. Each pair of 
heels is connected lo a great vertical shaft, consisting of a steel 
ibc 38 inches in diameter, but solid at the journals, where it is 
I inches in diameter, the upper end of this shaft bearing the re- 
living field of an immense alternator dynamo machine. The 
eight of the shaft and revolving part of dynamo (which forms a 
Msheel) is 152,000 lbs., so that the bearings — a Fontaine oil 
aring or step at the lower end and one or two thrust bearings near 
e top of the shaft — have only lo deal with the difference of this 
sight and the upward force of the water when the wheels are at 
3rk. 
The wheels are to discharge 430 cubic feet of water per second. 




Kig. I 
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making 250 rt.-volutions per minute, giving out, ] 
efficiency, 5000 liorse-power. 

Each dynamo or alternator weighs about i7o,oo&II 



ing part, or field-ring, weighing 79,0 
stationary. The current will be giver 




Fig. 1 



lbs., the anfl 
off at a pressu 
7400 effective 
the low frequi 
cycles per secc 
up"and"step-c 
formers being 
near and remob 
longer circuits. 
The wheel- 
a long slot cut 
and at about i. 
the surface the 
[placed on pi 
tht-re being thi 
tail-race, connei 
main Liil-race t 
all the turbines 
Fig. 115 sh 
line sketch of 
with regulating 
sketch shows 
how the water 
through the ap 
upper part of 1 
the balancing 
the aid of the 
water on this 
weight of the 3 
balanced. 

Fig. 116 g 
general idea of 
nient of the t 
bine shafls, d 
regulat 



shows an accurate section of tbe upijer turbine (roc 
drawing kindly supplied by the makers, the I. P, M 
Philadelphia. This illustration will be readily undo 
compared with Fig. 115. The balancing piston givea 
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i mkI of ago revolutions per minute, and under the normal head of 
- .iter, a slightly preponderant upward pressure on the collar hearings 
r the main shaft. 

'I'he very ingenious governor which works the cylindrical sluices 
■ fully dficribcd at page 165. 

The Niagara Falls Paper Company's installation, descrihed more 
I Illy on the next pages, is an eniirely separate undertaking, witli its 
^^-n supply, bat discharging its waste water into the Cataract Coni- 
; i.iny's tunnel. 

TtrsBiNEe Of thl Niagara Falls Papkk Co.mpasv. 

Already the idea of utilising some of the power of Niagara Falls 
has htxn so far successfully carried out._that the Niagara Paper 
Company lias had its turhincs at work for sonic time. These turbines 
are shown in Fig. 118, where an elevation of the penstocks with a 
s-.ciion of three of the turbines is given to the right, and to the left a 
I>l.-in sh'iwing the position of the turbines with respect 10 the pen- 
itocks which convey the water to the wheels. The greater pensloi k 
is an immense tube 13 feet 6 inches in diameter, the metal being 
J-inch thick, riveted together /n situ by hydraulic riveters, and it 
su(.[':Tes four turbines of the Jonval type, each of iioo horse-power, 
;lii- Jir.Md bemg 140 feet. The smaller penstock is 9 feet in diameter, 
-vii|j.l>ii!g two turbines. The turbines were made, and the whole of 
th-- hydraulic installation carried out, by Messrs. R. D. Wood & Co. 
of i'hilade[])hia. This firm usually guarantees a turbine efficiency 
of 80 per cent. The flow required for each turbine is 86 cubic 
(tel (mr second, or nearly 144 tons of water per minute. 

As the large penstock supplies four turbines the flow will be about 
,l44cuhtc feet per second, which, with a diameter of 13J feet or an 
ana wf 143 stiuare feet, gives a velocity of rather less than 2 J feet |jer 

The wheels arc Rtted with gates which are the patent of Mr. 
, ihc engineer for Messrs, Wood, who has designed and 
nrricd out the installation. 'ITiesc are more fully shown in the 
fcrtion of the wheel given at Fig. 1 ig. 

The diffiirullies met with, and successfully overcome, in this case 
•ere of no ordinary kind. For instmce, every engineer knows the 
I trouble there is in properly supporting a very large vertical shaft. 
I Bot ordinary vcnical shafts arc very small things compared «itb these 
« columns of forged iron, 10 inches in diameter and 144 fcijt 
I lonfit csch then-fore weighing ahout MJ^ll lbs. or 17-1 torn. ItJ 



Geye/in's Gate. 



1 



not only the mere supporting of this weight, but the weight of the 
nheel 4 fttt 8 inches m diameter which it bears, together with— in 
case of the turbines being placed and driven as usual — the weight of 
the immense column of water 13J feet in diameter and 145 feet in 
height nbove the wheel. Provision must be made, not only to 
su[)poft this weight, but to allow the shaft lo revolve freely and 
steadily, naiismi [ting r too horse-power at the s[jeedof 260 revolutions 
I^er minute. 

An inspection of the picture will show that each shaft is supported 
by a cotbr bearing under its bevel wheel (this bearing being some- 
what like the thrust bearing of a propeller shaft), together with a 
(ootttcp under the turbine. But Mr. Geyelin does not tru 

5 for the support of a shaft like this when transmitting pow 




Fig. 119. 

Hi* wlution of the difficulty is simply to invert each turbine, the 
* Jlct therefore entering below each wheel, passes ufi through it, and 
^1 1 gate opening of two-thirds of the full amount the upward pressure 
Iw lo gravity ai'ling on the water exactly balances the downward 
iine of gravity on ihc sliaft, whilst at full gate opening there is a 
l^<-'PundcraQl upward pressure, and at any other opening a pressure 
*idi ii only the diffrrence of the two. This solution has proved as 

il fn jiractice as it is correct in theory. 
' bch »haft bears at its upper end a steel bevel wheel 4 feet 
if inches in pilch diameter, with a pitch of 5 J inches, gearing with 
-niorim: bevel wheel 6 feet 3 J inches in diameter, the wheels running 
't tile high pitch line velocity of 4000 feet per minute. 

It will thus he seen that the horizontal shaft driven by each 
'nrbine revolves aoo limes jier minute. 
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The wheels themselves, which are of the Jonval ^rpft 
ihc n^lating sluice or gate, shown in section in Fig. 119, whotS 
is the revolving wheel, seen in section, and C the statiouaiy or giaif 
whed. 

The cut also shows the Geyelin patent gates. A A' is a drcito 
sleeve or gale, shown open and in section ; E being a double hoc^ 
against whicli the gates dose. At D is shi>«Ti the oppowic portico 
of the circular slee^■e or gate, also open. Each sleeve, which wcigia 
ttSoo lbs., its weight being counterpoised, is operated by suitable 
levers and wire rope connections from die power house, to which the 
power is, in the first instance, transmitted. This is in many respectt 
the most interesting, tuibine-power installation which has yvX beea 
completed. 

TuRBiKES OF Continental Maiieks. 

One of the best known of the Continental finns dei-otit^ tbem- 
selvea largely to the construction of turbines is the At^sbrag 
Maschineniabrik. This firm has fitted ap the turbines of many 
impottant Water-power tn^talkdons. The picture {F%. l9o) ^unrs 
a leirent form of Jonval turbine supplied by this company for dirring 
the gunning and weaving machinery' of the Kraehnholm manaJartory. 
at Narva, near St. Feieisburg. 

The turbines arc of 1 150 elfecliTe horse-power each, five tnibtnes 
having up to the present been fixed in these works. The Gist instal- 
ladoit took pbce m 1S67, when a turbine was supplied to take ifae 
ptoa: of an iron vatcr-w^Ktd whidi required frequent repairs. That 
nubine has been raniui^ since, without, k is sud, 
rqaiis, VbA at pnsent, owing to an increase of the faQ, the wfacd is 
gning oat moie than the power originally intended. 

That ttubine and those t«xcntly fixe<3. Fig. 1 10 beii^ from 
dwm,aieiiiti3idcdl6rastq)plyof 5;oa]bic feet <= i6cubki 
of water per secood, with a fall of 35 feet 47600 mm.). \Viih 
ciency of 77} per ceoc, vaA wooU develop 1150 boise-powcr, fcat 
tfie maaiinun) fffirifw y is h^her ft^T^ ttwc With dK "lin iniy ffi ^ 
cknqr — |«obaUy atbom 75 pet cent. — die efiecmv booepaw ci 
iiii. The nnfoiites are, accor^ng to tlte Jonval system, amnged 
with snctioD ptpe. A cimbt batanned shiinr oc gate serve for 
;»ul»g or laoffmg cftsBy, as w«D as 10 socae extent Cor ^eed 
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A pivot or footstep bearing, of a very good design, is provided to 

t'_-5ist the heavy water pressure. By means of bevel wheels the power 

: - iranstnitted to the horizontal shaff, shown in left-hand figures, which 

.-.ikes 70 revolutions i)erniinute, the furtlier transmission being partly 

s geariti^ and partly by hemp ropt-s. The weight of each turbine 

jsnpletc with casing and all appurtenances as shown is about 

: 40 Ions. For closing the turbine chambers themselves there are 

rij%-i(le<l at each inlet two shutters, which are driven either through 

; ur-wheela by hand, or tlirough water pressure engines with pislons. 

This regulating arrangement is provided on the top of the guide 

. heel : by it half the guide passages can be closed in pairs, and 

i rovision is made for the free admission of air to them by pipes 

rassing through the hinges of the flaps or shutters. 

No complcie test of the efficiency of this installation is available, 
:Ul a similar installation by the same firm at the sewing-thread factory, 
> lOf^gingMi, has been most completely tested by Professor Schoter, 
•;ie flow of water being measured by the Q = A V method described 
.■\ p. 71. the effective power being measured by a Prony brake. 

Professor Schoter's results show an efficiency of 82 per cent, for 
lull gate Opening, and with half the guide passages open an efficiency 
if 75 per cent. 

It will be interesting for the reader to compare the American 
Jonval wheel with comparatively small diameter and high speed, 
with this large wheel of the same type going at a lower speed, con- 
itnicted in accordance with what seems to be the ContinentaJ usa 



XV 1 11. 
SPEED REGULATION. 

The gOOTWtiing or speed rt^ulntion ofwnter-w heels, including turbines, 
is effected either by Iiand or by a governor, which acts indirectly on 
the 5lui*:e or gate, llie frictional and other resistances being consider- 
able. The governor adopted by Fairbaim in the case of ordinary 
mttei-whceli is «hown in outline in Fig. rai. 

It consists of an ordinary Watt centrifugal governor, rotating about 
a vertical axis, and driven by the water-wheel through the shaft M 
and bevel wheels (^ and 1'. M is hollow, and has inside it the shaft a, 
which also rarries the clutch V V, driven with it by a feather, but 
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movable axially on it. Z is a bevel wheel loose on a, and geaiing 
with P. When clutch Y is moved to the right it engages Q, sA 
shaft a rotates with Q. If, on the other hand, Y is moved to the 
left, Z and a rotate together. In this way shaft a and the worm md 
wonn-wheel W and T may be driven in opposite directions. The 




clutch is actuated by the governor in the following way : — ^When ftc 
governor balls B B diverge, they raise the sleeve m through the lint* 
//, and with it the cam d, which is on a brass slide attached to the 
sleeve m. The fork/, which carries two knee-irons j and i, capable 
of coming into contact with cam d, is attached to the bent lever I^ 
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3 framing K, this lever having a somewhat similar fork al its 
wrer end capable of moving the clutch. The cam d being brought 
ito conlacl with j", the fork / is moved over by the rotation of the 
am, and the clutch is put into contact with one of the bevel wheels. 
Vhcn, on the other hand, the motor and governor go too slow, the 
alls converge, d is lowered into contact with s, the fork and clutch 
re moved in the opposite direction, and shaft a gets its motion from 
tie other bevel wheel, hence rotates in the opposite sense. Thus, in 
tie one case, the worm-wheel T, which is keyed to the same shaft as 
tie pinion which moves the sluice, is rotated so as to close the gate ; 
a the other case, to open it as required. A form of governor often 
.dopled for this purpose has the bi?vel wheels Q and Z placed loose 
'n the governor spindle, with the clutch Y between them ; this clutch, 
'eing moved directly from the governor sleeve, determines the motion 
>f a bevel wheel attached to shaft a. The defect of such an arrange- 
nent is that the force necessary to move the clutch and hold it in 
X>sition is due to the centrifugal force of tlie gov^mer ballSy which 
s sniall, as the governor rotates slowly. 

In Fairbaim's arrangement, just described, the force required to 
Move the clutch and hold it where required is obtained through the 
cam {ram the motor, not from the governor balls, the latter being 
required only to set the cam and knee-irons in proper relative position, 
so that the water wheel can act on the clutch. Provision is made to 
return the clutch to its central or non-eflective position as soon as the 
cam li goes out of contact with both s and s', in which case a remains 
at rest. There is also a slotted link, not shown, which prevents the 
balls rising too high, so as to carry d over the upper edge of s'. 
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tofessor James Thomson's turbine, to which reference has so 
fref|uent!y been made in the foregoing, is often called a "vortex" 
turbine, since the water flows in a converging path to the central dis- 
charge orifice. 

Turbines of this class have one great advantage, viz. they are, to 
some extent, self-governing. Centrifugal force acts against the flow 
of the water, hence, if the velocity of the wheel increases above the 
nonnal amount, the velocity of the water is more or less checked, the 
'^'heel receives less water per second, and gives out less power. 

Another important point about the Thomson vortex turbine is ths 
1 of having adjustable guide blades, which can he moved to 
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suit a varying supply of water. These guide blades B B, bs w3 fc 
seen from Fij^ i23an<l 113, arc pit-oled near tbeir poniti,li>deDi 




duct the water into the revolving wheel A. D D are shafts with &< 
cranks, which move the guide blades B B so as to make 1 diftv 




angle with the wheel. E E (Fig. 123) are the outside coupling 
connecting D D together, so that they may be moved simultaneoi 



Vortex Turbine with Horizontal Axis. 



^^Ber by hand or governor. It will be seen that a veiy small amount 
^^^■urning of the shafts D D ivill consi^Ierably .liter the angle of the 
^^Hdes B B. If the wheel runs with light load, so that v^ is greater 
^^Bn usual, centrifugal force partly stops the flow, the radial velocity 
^^■ess than that for which (see p. 131) is calculated; hence the 
^Hgle S is varied to suit the new conditions of load, without the effi- 
l*^iency of the wheel being much affected. , 

This turbine can also he placed with its axis horizontal, as shown 
in Fig. 114, where I is the inlet, and K K the suction pipes, which. 
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since the height of the wheel above the water in the tail-race is less 
llian 32 feet, are full of water during the time the wheel is at work. 
F is the hand gear for altering the guide blades, and L the driving 
pulley, which, being thus conveniently placed with its axis horizontal, 
is easily connected to any machine to be driven. 

Axial flow turbines have not the same facility of governing as 
the " vortex " wheel, and being usually placed with their axes vertical, 
there is a certain end thrust on the shaft. This thrust may, however, 
in some cases be made of great service in counteracting the dead 
weight of the shaft. 
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Murray's Governor. 

The governor of Murray, shown in Fig. 115, designed for use 
with turbines, is a good example of a relay governor. Figs, i and S 
are sections at right angles to onQ another of a four-way valve, 
actuated by the governor I (Fig. 3). The outer casing A has a 
supply port B in it, and a^ escape or exliaust port C, also passages 
D and E leading respectively to the top and bottom of a regulating 
cylinder, from which the supply of water to the wheel is controlled 
Within the casing A is a sleeve F, with ports communicating (as 




"CS 



shown in Fig. i) with an annular passage G (Fig. 3) in the piston H, 
which works within F. 'l"he hreaclth of this passage G is a little less 
than the distance between the inside edges of the ports D and E, so 
that when the piston H is in the central position the ports D and E 
arc closed to supply but opened slightly to exhaust. 

Referring to Fig, 3, I is the centrifugal governor, driven from the 
water-wheel or turbine, and connected by a rod J to a lever K, which 
acts on the piston H through a short link. When the speed of the 
motor increases the governor halls diverge, H is raised, and water 
passes hythe passage D to the upper part of the regulating cylinder L 
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! ig. 3), acting on a piston M therein in such a way as to diminisb the 
d|'i>ly of water to the motor, M being connected to the sluice. If 

-■ si>eed decreases below normal, the opposite action lakes place, 
...itT entering by E, the other end of the cylinder L, raising M and 

niitting more water. It will thus be seen that the governor, like 
:1 good modem governors which have considerable work to do, acts 

.rough a fluid relay, the centrifugal force of the governor being 

:.;'<iseii merely to control the relay, and not to do the work of setting 
i ;t>--avy valve which moves under considerable pressure, and prol 
•■ iih a good deal of friction." 
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In all cases where the governing of water-actuated motors is 
-tTccted by diminishing the supply, it may be laid down as a funda- 
'i><:ntal principle that it is better to close some inlet apertures alto- 
.r-thcr than to partially close all. There are many devices for 
■ tfccttng one or other of these objects in the case of turbines. In 
■n-i arrangement little paddles fixed to vertical rods move over the 
n^ct guide apertures. There are rollers at the upper ends of these 
:'ils, which rollers rest on an inclined ring or spiral surface. When 
^'u5 ring is rotated by hand, or the governor, the paddles are moved 

■ i> as lo open or close the apertures, the best arrangement being that 
:i which only alternate openings are thus covered, The total cutling- 

■^ ■■(■ -mpply is effected by a separate sluice. Then there is another 

: n nl in which annular strips of leather are used, the ends 

>-iI, two to the guide apparatus and two to conical rollers, 

I ' ,in rotate about their geometrical axes {slightly inclined to the 

tvxiziMtlal), also about the axis of the turbine (vertical), so as to wind 

'■n or let off the strips. A vertical shaft carries a pinion, which 

■ ngagcs a toothed sector whose function is lo effect the motions of the 
I'llleri, ami thus close the guide apertures. Various types of sliding 
iluict arc used. Thus in one form used with an axial-flow turbine, 
the guide passages form two semicircular sets, two sliding discs close 
in equal number of apertures on each side of the centre, the discs 
l.ring moved by a rack and worm. 

A »luice at the bottom of the suction tube is also used in some 
tasci to regulate the speed ; a very good example of a ring sluice 
it van in Hie section of Mr. Geyelin's turbine ; and the method, 
adopted in the turbines of the Niagara Power Company, of building 
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the turbine, so to speak, in several stories, and cutting off the sitppl] 
completely from one or more of these, is good for preserviog n lugl 
efficiency with partial output. 

Snow Goveevor for Ti;rbinp:s. 

A form of governor, used with the " Hercules " turbme, is show 
in Fig, 136. 




It is a centrifugal governor with toothed sectors attadied to 
iipl>cr ends of the hall arms, so that as the balls rise or fall ihg 
spindle falls or rises. 

There is a connection beiween this spindle and a sccior controIUi 
two pawls which engage the teeth of the large central spur wheel ' 
By means of a disc crsnlc K, seen lo the right of the governor bev 
gear, a reciprocating motion is given lo the inclined link L, utt 
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ibtl of which are two pawls engaging the teeth of S One 
ese pawls closes the sluice by moving S in one direction, the 
opens it by moving S in the opposite direction The sector, 
»■! shifter, part of the edge of which is seen to the left ol S and 
■ the nearest pawl, would prevent either pawl from actmg but for 
Tcssion in it, as indicated in Fig. 117. 

" the governor balls rise, the sector is rotated like the hands of a 
I, allowing the "closing" pawl to operate ind lifting the other 
f gear. If, on the other hand, the governor goes at less than 
ormal speed, the sector is moved in the reverse direction by the 

t movement of the governor spindle, the opening pawl gears, 




e closing pawl is lifted. Thus the bevel wheel on the same shaft 
turns R, the sluice shaft, in one direction or the other, as ioiig 
ther pawl is in gear, each revolution of the crank K. giving a 

motion to S through the pawl in gear with it. When the speed 
irnial the sector lifts both pawls, and the governor ceases to 
ite the gate. An arrangement is provided for lifting the pawls 
I the gate is fully o]>eo, but the turbine going at less than normal 
1, owing to low water supply or excessive load, 
t should be mentioned that the gate can be operated by hand. 
lare^st water-power installation at present in Britain (viz, j 200 

rer) is thai near Aberdeen, where " Hercules " turbines are 
King's Governor. 
I neat arrangement of pawl governor is due to Mr, King, of 
market,' Fig. 128, which shows the ratchet arrangement best, is 
feigovemor designed to keep the water in the head-race at a 
Kheight, so that the wheel may work under a constant head. 
" Gloueestersbite. 
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Referring to the (iguie, the toothed wheel replaces, or is used in ro 
junction with, the hand-wheel usually employed to work the sluices 
gate. 

The teeth of the wheel are " masked " for a portion of the dicua 
ference by a cam 4, on the boss of which is a pinion gearing v. 
sector (shoHTi dotted), which in its turn is connected to a float 5 
tank communicating with the head water. The i^awK 2 anfi 3, inif 




the bent lever carrying them, are worked by a connecting rod ftOD 
pin in one of the arms of the belt pulley, driven by the water-irtied 

or turbine. In the illustration the float is stationary, and the wat« 
at its proper maximum height, the pawls being out of gear. But if; 
the level of tht; water lowers, the float falls, turning the masking cam 4 
10 one side, leaving the pawl 2 free to act on the teeth of the whe^ 
ihe sluice being thus slowly closed. If the water rises the 
unmasks the lower side of the wheel 1, and the gate is opened t^ 
pawl 3. If a number of water-wheels work from one souice, thi 
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vemor attached to one of them will govern all, by keepinE a 
nstant head. The 9oa.t may be replaced by a centrifugal governor, 
shown in Fig. lag. The gate is worked by the pawls and masking 




1; ss before, the litter be ng connected to the eovemor instead of 
to the float, increase of sj-ieed causmg one pa \\ to act uid decrease 
of speed the other Sometimes a turbine dnses shaftmg in conjunc- 
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tion with a sieam engine, in which case Mr. King's clutch. i 
drives only in one direction, is useftil ; for when the turbine U^ ( 
behind through deficient water supply, the clutch does not aajnJ 
the turbine furnishes no fKJwer, but is not a. drag on the engine. 

When the turbine again gets up speed to the engine standard ite ^ 
clutch engages and the water-motor takes its share of the worV. 



Hurf's GovERNo 
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Mr. Rett's go\'emor, shown in Fig. 130, consists of a ioaded 
governor of the Porter type, which actuates a bell shifler or fotkM 
as to move the crossed belt to different positions on the two lapenJ 
driving cones shown. When the governor sleeve is in mid posM, 
the belt is on the middle of the two cones, which therefore rotate It 
the same speed. An increase <J 
speed causes the governor 10 
the belt to the right, and thus diin 
the upper cone at a lower spwJ 
relative to the governor. 
lower cone drives the 
spindle through the bevel wheels 
shown, the upjjer cone drives a 
sleeve which is loose on that qjia-. 
die. The sleeve carries the 
bevel wheel, and the spindle the 
lower bevel wheel, of the ccnwl 
nest of differential gearing. When 
the sleeve and spindle revolve it 
the same speed — in other wordsv 
when the belt is on the centre of 
the cones— the differential gearilig 
which t:onnects spindle and sleeve . 
is inoperative, the vertical herd 
wheels acting merely as idle wfaeel%, 
rotating, but not changing the di- 
rection of their axes. If, howevcTi 
spindle and sleeve rotate at different speeds, the vertical bevel wheels 
rotate not merely about their axes, but run round the other wbeel^ 
their axes rotating, and it is this differential motion which is 
mitted to the gate by the pinion and spur-wheel shown. In all 
cases the gate is also fitted with a hand-wheel, by which it can bt 
opened and closed by hand. 




Fig. 130. 
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GnvFRMjR OF Niagara Ti;riiines. 

I'o govern turbines of 5000 horse-power so that a change in 

■■■■■^x giveii out, from 4000 to 2700 horse-power, shall be accom- 

ied by a change of speed of only I'S per cent., and a change 

■ in 5000 to 1500 horse-power by only 5-2 per cent., with changes 

■ I s]jeed produced by ordinary working changes of output of less than 

ln-T ctnl., may be regarded as the most satisfactory result yet 

'i. Mined by water-wheel governing mechanisms. These results have 

-.n obtained in recent experiments with Messrs. Pictard and Pictet's 

■■. cmor at Niagara. Throttling the Iremendous flow of water moving 

-lulcr a great head necessitates a mechanism of no ordinary power, 

vtiilst the resoilt shows sensitiveness equal to that of a small steam 

»:iisine governor. 

Of course, in a governor hke this the centrifugal portion cannot do 
the work of moving the heavy gates against the force of the flowing 
>a:er, the motor itself must move the gate. The governor of Messrs, 
Pit card and Pictet is a pawl and clutch governor of a most ingenious 
kind. The principle on which it acts will be best understood from 
ik' L-lementary drawing shown in Fig. 131." 

The sluice or gate, which is a plain cylindric rim, is moved by the 
■iiaft A R which is turned in either direction by the bevel wheels 1 1' 
'i:nvcn through C by the turbine), according as either is engaged by 
■i.' friction cone D or its fellow D'. The bevel wheels are loose on 
!'.f shaft A B ; the friction cones turning the shaft by feathers, but 
". ing capable of moving along the shaft. 

D and D' are actuated by the links E F, E' F" respectively, which 
';i lurn are moved by their connection at J with the sector M pivoted 
Ji N. Above this sector is a piece K which is oscillated by the 
■ rank P turned by the turbine, so that K, and its latches gcd, ^ c if, 
aidi corresponding indent pieces or pawls ae,a^ are always kept 
oscillating about centre L as long as the turbine revolves. 

As shown in the figure, the latches ct^ are engaging the pawls so 
that the latter are free of the sector M, and the cones D D' are out 
of gear. 

When, say, an increase of s]>eed takes place through part of the 
Iliad on the turbine being thrown off, the centrifugal governor R moves 
G to the left as will be readily seen, and the Uitch e is lifted, the piece 
a falling into gear with the teeth on the left side of M, through the 
action of the spring/. The oscillation of K now moves sector M in 

• TTiroQEh the courlesj- of the dciign-ts, Messrs. Piceard and Pietel, of Gcncvj, 
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the direction opposite to that of the hands of a watch ; the point, 
is moved to the right and the cone D is thrown into gear causing ih i 
shaft A B to revolve in the same sense as the bevel wheel 1, ft 
partially closing the gate. 

As soon as the gate has sufficiently closed to lower the speed 




Fig. 131- 

the turbine, R falls, G is moved to the right, D is released, and. if 
this movement continues sufficiently long, D' is thus thrown into 
gear, and A B turned in the opposite sense. 

It is worthy of note that wheu a, for example, is in contact with 
a tooth of M, its extremity moves with M about N as centre, whil* 
its own centre of oscillation is, like the whole of K, at L. 



Details of Governor. 

wcentricily of movement has the effect of lifting the other end e of 
the pawl into a position to be engaged by c, should the latter be freed 
' y a releasing motioD of G. 

An important feature to be noticed is, that the pin W, which maj^l 
■' regarded as the fulcrum of the lever WUT, is not a fixed point but T 
li moved by the action of the worm Y in such a way as to lend to 
prevent dial lag of the motion of the gale behind that of the motor 
irhirh is noticeable in most pawl g^ovemors. In the case of an 
oriinary governor of this kind, if the motor increases in speed 
beyond the limit necessary to overcome the friction of the governing 
par and sufficiently to move its change mechanism, the pawl is 
thrown into gear which closes the gate ; the action is continued till 
the gale is partially closed, but now the motor is no longer receiving 
mfSdenl water, and its speed has begun to fall, which in due time 
oiises the other pawl to act, opening the gate. Thus the action of 
UK- governor on the gate, taking some time, is always a little too late, 
"nulling in a periodic fluctuation of speed; which may render the J 
s[>iaratus useless. ■ 

To show that the arrangement here adopted prevents this, we 
nuy point out that in order to bring the apparatus to rest, it is only 
Ktessary that the motion of the point W be proportional, and in the 
opposite sense, to that of T. The motions of Ware like those of the 
file (increased or reduced), and the motions of T follow those of the 
tithgnicier R ; hence by this arrangement the peculiar state of 
insability as regards sjieed, known as " hunting," is prevented. 

Tiompdnide is secured by the fact that the crank P makes 
loo revolutions jier minute, giving more than six blows of the pawl 
l*r second, dius the regulating mechanism has six chances of acting 
■wiy second, one way or the other. 

The driving force required is taken from the motor, and the 1 
tKhomcler has only to exert a very small force, the gate of the \ 
Kijgara turbines being closed completely or completely opened in J 
Welvc seconds with a force of about 5 tons, thus- enabling it to easily | 
fifl through debris which may be in the way. 

The governor as applied to the turbines of the Niagara Cataract \ 
'-. instruction Company is shown in section in Fig. 132." 
i'-iitical with that described except that the friction cones ore re- 
: 4ccd by brake wheels and gearing. 

The governor has been recently tested with the remarkably good | 
■ ults alrtaidy referred to. 

' Flp. IJ*. M7-«9, 336 «nd 237 are inserted by the courtesy of the pro- J 
: I i>:im tnd cilltan of * Canier'i Magiimc.' 
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Differential Governor for Pelton Wheels. 

|_The Pelton wheel is a very efficient motor, but it has the defect 

msitive to changes of load. When these wheels were used 

I ekctric power or light installation this defect gave rise, 

4ie earlier history of the development of the motor, to some 

Often the regulation was effected by a man who sat with 

K hand on the lever of the supply jet, at the same time keeping his 
1 the speed indicator or voltmeter. The differential governor 
in Fig. 133 is the best yet 

designed for its purpose. Two 

t8-inch pulleys revolve loosely, 

in opposite directions, upon a 

^hafi, one being driven by the 

nioior to be " governed " and 

ihe odier by a separate wheel 

working against a constant re- 
sistance. The two pulleys have 

'icvtl wheels attached to them 

ivhich gear into two other bevel 

''heels on a shaft which is at 

right angles to that on which the 

pulleys revolve, and forms one 

piece with it. To the left of the 

pulleys will be seen a pinion 

loose on the latter shaft, and 

with ratchet teeth cut in oppo- 
site directions on either side of 

its boss or hub, with correspond- 
ing circular ratchets gearing with 

'lie teeth. 



1 
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These ratchets are keyed to the shaft but free to move along it, 
and are thrown in or out of gear by a short lever with a spring. The 
pinion engages a sector connected by suitable rods and levers to the 
valves which regulate the jet or jets of water. If the tivo pulleys 
revolve in opposite directions at exactly the same speed, there is no 
motion of the central shaft which carries the two loose bevel wheels, 
hence no motion is communicated to the pinion or sector. If, how- 
ever, the working wheels — driving the electric installation say — 
increase in speed, owing to [)art of their load being thrown off, there 
is a difference of speed of the two loose bevels ; hence the central 
gear shaft changes its position, acring on the pinion and sector and 



170 



Hydraulic Machinery. 



jjartially closing the valves. The opposite action takes place if the 
speed of the working motors decreases below that of the constant 
speed motor. 

The ratchets are thrown out of gear on starting, and when te 
working wheels have reached the normal speed, the goremor is 
thrown into gear. 

This is an interesting application of the differential system in 
governing, as well as an important apparatus in itself. 

It may also be mentioned that another arrangement Mr. Hett his 
patented, is a nozzle with an internal conical spear or plug, which 
may be moved by hand or governor so as to alter the power of ttm 
jet, and of the motor driven by it. 



HYDRAULIC TRANSMISSION OF POWER. 

The practical success of almost every class of appliance by which the 
resources of nature have been developed and man enriched, has been 
due largely to the genius and effort of one man. For instance, what 
Watt did for the steam engine, Benjamin Huntsman for crucible, and 
Henry Bessemer for mild steels, Lord Armstrong may be said to have 
done for hydraulic machinery for the storage and transmission of 

It must not be imagined that such inventors in all cases b^3D 
professional life as, or had the training of, engineers. They had, how- 
ever, nature's endowment of inventive genius. Watt was a mathe- 
matical instrument maker when he hit on the great discovery of 1 
separate condenser, and Armstrong was a solicitor when he set his inven- 
tive faculties to work to devise more efficient means than then existed 
for utilising great natural heads of water. In a letter to the * Mechanics' 
Magazine' of 1840, he pointed out some of the advantages of wal« 
as a medium for the storage and transmission of power, and showed 
that if water were pumijed by a steam engine into an elevated 
L large portion of the potential energy thus given to the 
r could be obtained from it again. Further, a small engine 
pumping continuously could thus supply many macliines working 
mtermittently. After inventing a water-wheel for high falls, which, 
though efficient, never came into practical use, he invented the 



Hydraulic Accumulator, 

hydraulic crane, an apparatus which has ever since had his name 
associated with it. This machine is fully referred to in a succeeding 
section. 

The first hydraulic crane was erected on Newcastle Quay in 
1846, being served by water from ihe ordinary town mains. Cranes 
erected at Liverpool and t-lsewhcre were similarly driven, but cases 
soon occurred in which the lo\vn supply was at insufficient or too 
variable pressure, and pumps were employed in conjunction with 
air-chambers to give the necessary pressure. This not proving satis- 
factory, a lank on a high tower — ^about 100 feet high — was erected to 
obtain the necessary head. In one case, in 1850, it was found 
impossible, except at great expense, owing to the treacherous nature 
of the foundations, to build a, tower of the 
requisite height; hence Mr. Armstrong was 
compelled to adopt some other plan, and he in- 
vented the hydraulic accumulator, an appliance 
which has, more than any other, contributed to 
the success of hydraulic systems of power 
transmission from central stations. 






The Hydraulic Accumulator. 




The action of the accumulator is very 

iple, and wiL be readily understood from a 
glance at the illustration. Fig. 134 shows one 
ol the usual forms. It consists of a wrought- 
iron weight case W filled with slag, concrete, 
or ballast, this case resting on and being 
attached to a ram R, which can rise and fall in 
its press P, R passing water-tight through a 
gland and stuffing-box, as showrj. The ram 

attached to a cross-head B, which in turn Fig. 134. 

fastened to the weight-case. The press P is 
in communication with the pressure mains, so that when there is a 
demand for water, weight W is usually eitlier rising or falling, means 
being provided to ensure that Ihe ram shall always rest on water. 
The [jumping engine can start in any position, and there is an auto- 
matic means of communication between the accumulator and engine, 
such as is shown in Fig, 135. 

When the accumulator weight rises to the top of its stroke, it lifts 
weight A, which slackens the chain B B, allowing lever C D to fall, 
shutting off the steam by the butterfly valve D. 
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When W falls, the weight A raises lever C, opening die steam 
valve and starting the engine. The movable pnll^ is introduced >l 
B £0 that A may travel twice as far as C, thus ensuring a gradml 
stoppage of the engine and enabling a small wei^t to be used ; but 
this may be dispensed with, in which case it is best to have A 
greater than C. 



BE 




fig. 135. 

If the accumulator should rise too high through the failure of 
valve D, or any part of the connection, the stop P- — which consists 
of a plate with a hole in it through which the chain passes — catches 
a projection M on chain F R and thus lifts the momentum valve T, 
allowing the water to escape from the pressure pipe, either to exhaust 
or to another accumulator weighted to give a lower pressure, so that 
the accumulator may not rise higher. 



PWhen the accumulator is loo far from llie engine for this method^ 
; connection, a hydraulic gear is used which consists of a s 
hydraulic cylinder in the engine room, the piston of which controls 
the starting and stopping gear of the engine. The valve for admitting 
pressure water to or exhausting it from this cylinder is fixed against 
the accumulator framing, and is operated by the weight case when 
near the top of its stroke. The valve is connected by a small pijie 
with the hydraulic cylinder referred to, and this pipe may be of any 
length. In the case of compound engines there is a special arrange- 
ment of valves for starting the engine, which is referred to in the 
description of pumping engines for accumulator work, given at p. 344. 
An accumulator is a very efficient store-house for energy. 
Mr. Tweddell found that an accumulator charged at rajolbs. per 
square inch discharged at 1235 lbs. per square inch, friction being 
overcome by a pressure of iiif lbs. per square inch, i per cent, of 
the energy being wasted jn charging, and i per cent, in discharging, 
or the efficiency of the atcumiilator as a storehouse for energy is ^iper 

K 

^H Storage Capacity or Accumulators. 



The energy stored when the weight W lbs. is at the top of its 
stroke of h feet is \W h ft.-lbs. 

If the accumulator discharges at p lbs. per square inch, its usual 
storage is 62 "4 x i-'^pkh ft. -lbs., A being the area of the ram 

cross-section in square feet, and its capacity — -^ Y. p S.h 

33.000 X 60 

= — T — horse-power hours, nearly. 
13,800 

An accumulator performs several useful functions. Thus it acts 

as a storehouse for energy, but is useful more in the nature of a 

fly-wheel to level up inequalities of supply and demand than to 

provide a large store. Thus each large accumulator of the London 

Hydraulic Power Company stores lofi x 2240 X 23 = 5,461.120 

ft.-lbs., but since i horse-power for an hour requires 1,980,000 ft.-lbs,, 

the accumulator oniy has a storage capacity of about 3 ' 8 horse-power 

hours. It can, however, give out a great power for a short time, say, 

160 horse-power for one minute. Compare even a number of these 

accumulators with a storage reservoir, such as that at Zurich, which 

contains 353,000 cubic feet at an elevation of 475 feet above the 

^OOtOTS, having therefore a capacity of 5284 horse-power hours, 

^^B The accumulator acts as a pressure regulator, keeping the pressure 

^^Me mains constant and nearly equal (in lbs. per square inch) to 
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W 

— , where a is (he area of the ram in square inches, W being in lbs, 




It provides the elastic arrangement necessary in such a system, for 




if all the machines in the system slop 




"M. suddenly, the pumps merely raise the 
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accumulator weight, whereas if no sad 1 
arrangement n^ere provided somethii^ 1 
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must be broken. 1 
It also has the fourth use of t^o- 1 




m 








Wk 


vidingan automatic system, the iKunp! 
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being controlled hy the accumulatof as 
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already described. 
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An accumulator of the differentia] 
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type used by Mr. Tweddell is shown in 
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Another form of cliffereniial or intensifymg accumulator is shonii 
I Fig. 137. A pressure of about 2000 lbs. per square mch was 
Iquired in shops, where a supply at a very much smaller pressure 
s available. Mr. Tweddell allowed water from a tank to act on 
e under side of the piston C attached to the ram 
1^, of much smaller area. The water in the press 
p fhus had a greater pressure — neglecting friction 
Husc in the ratio of the area of C to that of D. 
Wiler from the low pressure supply or pumps 
n at G, and is taken off at H, C being used 
rely as a regulator of pressure. The water 
King on C is not wasted, but may be obtained 
M a tank, to which it is returned as C falls. If 
Bie supply pipe A is large, with easy bends, it is 
tven possible to get a momentum effect 'which 
■ ■*as wanted for riveting. The intensifier (see 
I*. J44) acts on a similar principle to this accumu- 
lator. 

Hydraulic Power Slpplv. 

Systems for the supply of hydraulic power 

from central stations have developed rapidly 

nithin recent years. London, Hull, Liverpool, 

llinninghani, Melbourne, Sydney, Antwerp and 

Glasgow have now central station hydraulic supply 

systems, but London is the most important e 

extensive example in the world ; hence it may bt- ; 

sufficient here to refer briefly to London a; 

typical case. ''^- '^'' 

The London Hydraulic Power Com])any's works were established 
in 1884, and have now 85 miles of mains laid in the streets, the 
internal diameter of the largest main being 7 inches, and the pressure 
in the mains 750 lbs. per square inch. At Manchester 3n<l Glasgow 
the pressure is luo lbs. per square inch. 

The success of hydraulic power co-operation in London — and 
indeed in some other towns — 13 due largely to the engineer, Mr. E. 
B. Ellington, whose name is mentioned later on in connection with 
hydraulic balances for lifts. 

The London Company have several pumping stations, as it has 
been found that a station capable of giving out about raoo horse- 
power is most economical, both in capital expenditure and working 
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■•jspenses. 




The stations are situated at Falcon Wharf, Blackfriars ; . 
near the Houses of Parliament; at Wapping; and at WTiarfRo: 
City Road, with a small accumulator station at Philip Lone, E 




Hydraulic Power Supply. 

mall acoimulator station also exists at Kensington Court, where 

touUtots, loaded to 450 lbs. per square inch, are worked from 

I mains. 

Engines. 

Lin describing very briefly some of the details of the system whiclr" 
T been so successfully adopted in London, the engines, pumps and 
s may be first referred to. Figs. 138 and 139 show a side and 
1 elevation of Mr. Ellington's engines, made by the Hydraulic 
pnccring Co., of Chester. Each engine has three inverted cyiin- 
, ibe ]iiston of each cylinder workmg directly a single-acting 
P- 

The connecting-rods span the pump barrels, and work on crank- 
1:1% on a three-throw crank shaft, the cranks being set at angles of 
. ijo"; ibcrc is thus no dead point in the stroke, and there is good 
■^iuicc of reciprocating parts. The high-pressure cylinder has a 
^^^Bablc expansion valve on the back of the main slide, adjustable 
^^Bbt the engine is running, thus enabling the point of cut-olf to be 
^^micd to suit the work and steam pressure. 

All the cylinders are steam-jacketed and provided with connec- 

■ .■■lis whidi allow the water of condensation to be returned to the 

■ >ili:ra by gravitation. (The student is not to suppose that water 

■ -n nsu.illy be forced iiilo the boilers by gravitation — it is, however, 
I ;his case, as both the steam and return water pi])es are under the 

' DJIer pressure.) 

The cylinders are carried on four steel columns at the front, and 
liinte cast-iron columns at the back, incorporated with and forming 
\\in of the condenser. The pumps are attached to the cast-iron 
'-.T-iumns and stayed to the cylinders by steel bars, which also act as 
(rnnt guides for the engine cross-heads. 

Tht air, circulating, and feed pumps are placed behind the con- 
Atsaes, and worked from the piston of the intermediate cylinder by 
tacking levcTS and links. 

The engine is controlled by a high-speed governor; automatic 
,.-.ir is also provided by which the engine is controlled by the accu- 
uljior, someivhat in the way already described. 

At a nine-hours' trial of a set of these engines at the Wapping 

-■...» i^itli high-pressure cylinder 15 inches, intermediate cyhndcr 

, ami low-pressure 36 inches in diameter, all 3 feet stroke, 

iHons ofwaterwere pumped against an accumulator pressure 

■.. per square inch. The indicated horse-power of the engines 

-. job'55, sicam consumption 15 '26 lbs. per horse-power jier hoi 
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Engines for Hydraulic Power S(atio>ts. 

-:i hour were accounted for by steam-pipe condensation and loss. 
I he coal used contained SJ per cent, of clinker and ash. 

The London Hydraulic Power Company have nineteen sets of 
limine* of this tyjje at work. They are very compact, and it will be 
.tun from the results given above that the efficiency is high. 

Another type of engine — made by the same firm — is shown in 

nration and plan in Figs. 140 and 141, and is the engine adopted 

\ thf Hull r.locks to supply watL-r for the mains of the dock 

■chinciy, tlie pressure being Soo lbs. per square inch. This, as 

1 be seen, is a horizontal engine witli two high-pressure cylinders 

b inches in diameter, and two low-pressure cylinders 38 inches in 

[cr, arranged tandem fashion, with pumps of the piston and 

r tj'pe 7 J inches in diameter, placed behind the cylinders and 

rketl direct from the piston rods, the stroke being 3 feet 2 inches. 

The high-pressure cylinders have variable expansion valves on 

B back of the main slides, adjustable whilst the engine is running. 

c low-pressure cylinders are steam-jacketed. The pumps are fitted 

J double suctioi) and delivery valves and separate pump barrels, 

ffnnu^ed to be interchangeable, and so that they can be removed and 

) trplaced in a short time. The steps of the crank shafl are of the 

T-part Xy\x, adjustable both vertically and horizontally. The con- 

r is of the surfaet type, circular in form, and fitted with brass 

e plates atid tuiics \ inch diameter, through which the circulation 

"s passed by a separate pumping engine. The air pump is of 

; single-acting ty|)e, and Is worked from the left-hand crank-pin, 

Frnm tlie right-hand crank-pin a pump is worked to return the water 

■ liL-r U5e in the hydraulic machinery to the supply tank. 

Ttn^se engines deliver 400 gallons of water per minute against an 
irnunulator pioksurc of 800 lbs. per square inch, the steam pressure 
.t;ing 80 lbs. [icr square inch. The engines are strong and massive 
■:i design, each weighing about 75 tons. Breakdowns are practically 
nknown. 

These illustrations, and those on pages 176 and 178, give a very 
::i>Dd idea of the types of engines most in use In hydraubc supply 
st.^tionB. 



liOlLEBS. 



Tlic boik-rs need nol be fully described here. At Wapping, 
r.iirhaim-Beely boiler is adopted. This is a double boiler, like two 
<Jorni»h boiler* one above the othtr, the lower one containing a large 
rluc an<J a number of small tubes, tlie upper one containing part of 
rhc mier ood all the steam space. At Millbank, Lancashire boilers 
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are used, a Green's economiser, consisling of 96 tubes, bang fiUda 
the back of the boilers, to utilise the heat of the waste gases of coo- 1 
bustion in warming the feed-water. Vicars' mechanical stokers at I 
employed, the hoppers being kept full by an attendant, who fills 1 1 
hop]>er from which the coal is distributed by a " creeper," consislingflf I 
a trough and worm. The economiser and stoking-gear are driven bl f 
a Brotherhood three<ylinder hydraulic engine (more fully describd I 
at p. a^Q), 

It has been found, from careful trials, that at Wapping the avcnp I 
thermal efficiency of the engines was 15 '25 per cent., that of ibc 1 
boiler and economiser 78' a per cent., rising to 86-7 per cent at M 1 
power. Similar trials show ia-a4 per cenL and yS-y per cent I 
respectively for the Millbank boilers.* 



It is not necessary to give a separate picture of the accumulatOK 
as that shown at Fig. 134, though not exactly like those used m the 
London station, gives a good idea of the general features of such tn 
apparatus. The accumulators used in London have wrought-iron 
cases filled with iron slag. There are two at Falcon AVTiarf and two 
at Wapping Station, each with a rani of 20 inches diameter and 
33 feet stroke; one at MiUbauk 18 inches diameter and 30 fed 
stroke, and a similar one at Philip lane. The total weight of the 
lai^er accumulator load is 106 tons, but the load can be increased 
so as to give a pressure of 800 lbs. per square inch. The capadty 
of these accumulators is 1600 gallons, whilst the pumping plant can 
supply 3500 gallons ])er minute, showing that the accumulators afl 
mainly as regulators of pressure, their power-storage capacity bong 
insignificant. 



Supply for 1 
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The main portion of the water used at Falcon AVharf is taken 
from the Tb.ames, headings having been driven under the bed of the 
river to ensure a sufficient supply at all states of the tide. The 
water after precipitation is filtered in tanks containing cast-iron per- 
forated plates and charcoal filter beds. At Millbank and Wapping 
wells supply the water, the Porter-Clark process of filtering and 

* For further details consult the report of Mr. Ellington's paper OD 
" tlydraitlic Power Supply in Loudon," ' Minutes of Proceedings of th« Issv- 
tntion o( Civil Engineers," vol. cxv. 
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softening being used al the former station. The cost is about xd. per I 
I ooo gallons tteattd. 

Variations in the demand for power arc met mainly at Falcon ' 
Wharf. 

Duty of Engines. 

It may be of interest to point out that a high duty is obtained \ 
from theengines. Thus on a certain date 7000 gallons were pumped, 
tx> a pressure of 800 lbs. [ler siquare inch, per hundredweight of coa! 
humt. This gives as duty 7000 X 10 x Soo x 2-3 = 128,800.000 
foot-lbs. An average figure seems to be 5500 gallons, equivalent 
to a duty of 101,700,000, which is very good considering the inter- 
mittent character of the pumping. 
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This is a most inyportanl matter and has been very fully gone into I 
by Mr. Ellington. The cost of production depends largely on the | 
load-factor, that is, Ike ratio of Ike average output per hour to the 1 
maximum output in any oiu- Iwur. The annual load factor for il 
was o'323, and the heaviest day load-factor for the same year o'45S. 
The actual station cost of 1000 gallons at a pressure of 750 lbs. per 
square inch iss'ijirf., whilst the station cost of an equivalent amount 
of electric energy as produced by the Westminster Electric Supply- 
Corporation is 9'or4fl'. ; one Board of Trade unit or its equivalent'^ 
costing \'T,^ld. electrically and 'T)$d. hydraulically. Of course,! 
mere station cost of production is a small item in the actual cost of 
power to the consumer. The London Hydraulic Power Company 
supply power at the price of from 2s. to is. (>d. per 1000 gallons, 
the latter being equivalent to 2 ■76//. per Board of Trade unit, or 
about 31/. per brake horse-power per hour, obtained from hydraulic 
motors running fairly regularly during several hours per day. Electric 
companies cliarge from ^d, to 6d. per Board of Trade unit. This 
comparatively low cost of power has led Mr. Ellington to try whether.J 
hydraulic power might not be advantageously used for the productio 
of electric current. Pelton wheels — which are probably better suited " 
to the high pressure of hydraulic mains than any other motor — driven 
by the water from the mains, were employed to drive dynamos, about 
66 per cent, of the hydraulic energy being realisable electrically, the 
cost being, at ^d. per Board of Trade unit for pressure water^ 



66 



X 3 = 4' ^d. per Board of Trade tmit electrically developed. 
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This current, if used to drive elwtric motors of 70 per cent eflv 
ciency, would work out at nearly b\d. per brake horse-power per hour. 
There seems to be some room here for the utilisation of hydranlic 
power, especially for electric lighting in suitable small inslallations. 
It would of course be much cheaixir, for power purposes, to use the 
hydraulic power direct in hydraulic motors, but cases may occur in 
which electric motors, owing to their high speeds and ease withwhfch 
they can be moved about, may be preferable. 

There has been considerable discussion as to the reasons of the 
small cost of hydraulic power in comparison with electric ; the tm^ 
amount of leakage {qvcx 90 per cent, of all the water pumped beij^ 
usually accounted for), the high efficiency of hychauiic accumulators, 
both as storehouses of energy and as pressure regulators! and the 
comparatively high load-factors are, in our opinion, the chief reasoni 
of the comparatively favourable results. 

Given the pressure or " head " of the supply and the cost of a 
given volume of the water, it is sometimes useful to be able, readilf, 
to calculate the cost of i horse- power-hour in water actually supplied. 
It will readily be seen that this tiost is 

c X 198 cY. 86 

head in feet' pressure per square inch ' 

where c is the cost of rooo gallons. If c is in pence the answer will 
also be in pence. Mr, Ellington thinks it is not possible, profitably, 
to supply power thus, for less than arf. per horse-power-hour. 



Examples, 

I. At Southami)ton it has been proposed lo use tlie ordinary 
town supply for power purposes. If the " head " in the lower parts 
of the town is 1 38 feet, and the proposed charge ^d. per 1 000 gallons, 
find the cost per horse-power-hour. Am. ^\d. nearly. 

a. Compare this with the cost in London where the pressure is 
700 lbs. per square inch and charge is. 6d. per 1000 gallons. 

Arts. Cost 2 ■ arf, per horse-power-hour in London. Comparative 
Southa mpton 1 ■ 93 
<^os^ "L^don - ^ " • 

3. What will be the charge per looo gallons in Glasgow where 
the pressure is uao lbs, per square inch, if the consumer is to have 
power at the same rate as in London. Ans. 38 ■ 6d. 
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^B Pipes and Pipe Joints. 

^B^e pipes usually employed are of cast iron, 6 inches jnlcmal 
■meter being the largest size formerly used, but pipes of 7 inches 
ameter are now employed. Of course, pipes to stand a pressure of 
(o lbs. per square inch, or the greater pressure 1 1 20 lbs. per square 

PRESSURE IH LK PER Sa INCH. 
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Strength of Pipes. 

In calculating the strength of a thick pipe like a hTdrauIic main 
it will not <lo to assume — as we do in the caie of a inpe, te diict 
m-Sii of which is small in comparisoD widi its diameter— dial tbe 
stit'ss is tht^ sanK all across a section of the inpe. The stress is 
cviiK-ntly gn-au-r near the inside of die metal tian at a point fiirtber 
out ; the exact law by which the stress blls off is not accurately knon, 
but the foUowii^ rule seems to give 
results best in accord widi actualfacn 
The proof of this rule, which FroTessor 
Peny has worked out for his clas», 
is as fblkMn : — Let (as in Fig. 143) 
r*! = inside and r, s ootsde radios of 
ortiDder. fy the intensitT of piesme 
trtade. ^kI/, dot ootsde die cylinder. 
Let Ibe Clicks near togetbn Iep^^ 
wrc a TVTT diin lii^ of metal of unit 
■i;r^_ vbcMe inierml ndlus is r and 
ci^^sie nifhs ' — « r. correspondii^ 
7r^ss::res b<=¥." i=C/ — S/ respec- 
:■ ■■,■1 . 0"c»ier iie sne^ijia of this 
-•1;. ,*-. ':<;=!; irs-ixr =11=/^ 
■i; r.'-..-s r: if xwi.j rr?ci ae lower halt 
> rx' r.-cL .i^wari -rwascre acting on 
,-i;. -v- .-ifcrwi ':_• ±«i =iiK:al/bd3^ the 




rv3 — n.-^sTi-tcnF we bave 



' jincuK Tttj. r 




-**■ «w< K vx ratns. cat x x:x2 i. at 

"^ ^ 2*: ?X»C »»» —ft. 
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Assuming that a plane section remains plane, 

pb ^fb = 3. constant ; 
. • . / — / = a constant r, 

(2) f^p-c. 

Substituting this value of/ in equation (i), we have 

(2/ - ^)8r + r8/ = o, 



or 



^r Sp 

r "^ 2p - c 



= o. 



Allowing our increments of radius and pressure to diminish 
indefinitely, 



whence 

or 

or 



log '' + i log (2/ — r) = a constant, 

2 log r + log (2/ — r) = a constant, 

log r* + log (2/ — ^) = a constant. 
• '• log {r* (2/ — ^)} = a constant, 



or 



2/ — ^ = 
Let K = this constant -7- 2. 



a constant 
7- 



and 



dnce/ ^f=zc. 
When 

and when 



K ^ 
(3) .-. P-^ + - 

(4) /=;^-- 






^ . 



therefore, putting in these values and getting K and - in terms of 

2 

^it ^3»/i and /a, we have 
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This U ihe general law, but if we neglect the outside pressure, s 
wo mny usually do in comparison with the great internal pressure, the 
ruto becomes 



(6) f = 



' - ''i' 



or Iho internal pressure (per square inch) multiplied by the sum of 
llic ■ipinrfH of the tntcmal and external radii or diameters in inches, 
i« i'i|unl to Ihe tensile stress the material will stand mulriplicd by tte 
lUllcimcc of the squares, of the same two radii or diameters. Thij 
li Ihr well-known rule which is usuaOy employed for calculating Ae 
HtrrnKth of thick piiws. 

For calculation jmrjioses the nde is often more conv-enient if 
written in the fonu 



n = 



, // + / 



\\ \^x% th« external and d the internal diameter. The student will 

MW Ihttl (Iw thkkncss »= ■ 

We iMVf RhwiI ttuit a 6-incb pipe designed for a pressure oTSoo Hs. 
)i*4 MjiMiv iiwh n> UMully 1 1 inch thick, corresponding to a safe sties 
«4' t54& Itw t**^ !A)uuv inch. For a pressure of 1 1 30 lbs. per 
Wtkhthc «hhKi>c»i M \\ iiKh. agreeing with a swess of sguDK-per 
MlWtv u»K :4nall I'tfvs uv made ducker to aUov for defeOs il 
VtMM«k xv«v.>MVi)v k*Uv. tlHB a safe sttcss of about 1000 lbs. pei 
m,^ n \\wtKWwvl >*a for pipes 3 ti»d*es 
|(v«will> «s4iW cM frMK tbne «iaa we sfao«n 
vs(^^\w.l>^ I4tj. «W«S ** "«»«*»> between dikfaias of f^e 

.^«>A MVWMV ^ WMM iM «ack CKB. 

tV v\-w«4n«^ tt» «M!«s dK cwTC shown io F%. 144 fau bea 
ukf«i«^ 1^ i*Mm» Ae (i— K-rti-n bdwcca tlikknes and fattSMl 
^NWNM«*K« v4<n.N-««feiMiiap<ei«carSook.pas({Buei 

»»«*MMK. Hit «e« ?«**<«*■»** 
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:h a point (when/ = p) at which no amount of increase in thick- 
> will make the pipe strong enough. This points to some other 
erial than cast iron as the jiropcr one for mains to withstand great 
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J'ig. 144. 

ssures, in fact steei pipes from 5 to 1 2 inches in diameter have been 
d at Antwerp to convey water at a pressure of 750 lbs. per square 
^ Those pipes have stamped steel flanges. 



; Joints. 



The joints used by Mr, EUington at London, and elsewhere, are 
wn in side elevation and section in the left-hand portion, and in 
I elevation in the right-hand portion of Fig. 145. 
The joints are spigot and faucet joints, turned up with a V-groove, 
which an indianibber ring is inserted, the pipes being bolted 
eflto ^ by bolts passing through lugs on the flanges. In the old 
t{upe the face of the flange was about flush with the end of 
J but in the newer form, shown in the figure, the flange is 
' )me distance from the end. It has been found that this 
id the strength at least 35 pet cent., and osly one failure 
S occurred since this form was introduced, whereas with 
of flange failures were not uncommon. 




J 
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With this form of joint, leaka^ is almost unknown, notirife- 
Standing the high pressures used. 




Pressure Due to Shock. 

If we have a column of water moving with a givcTi vtlocity alon? 
a pipe, a very important ])roblem is to find the pressure produced by 
the sud<ien stopjjage of the water. This problem has been worked 
out by I'rofessor Perry, and, without troubling the reader with ibe 
mathematics, we give the very important resijt arrived at by the 
investigation. 

Given a column of fluid of density po grammes per cubic centi* 
metre, moving with a velocity of Vo centimetres per second, on 
sudden stoppage there is a wave of compression travelling along ffilt 
the velocity of sound in the fluid. The increase of pressure evoy- 
where, from the stojjped end to the front of the wave, is the saiM 
(and indeiiendeiit of friction against the sides of the pipe), and i* 
/dynes [ler square centimetre where/is obtained fay the law 

/=v.k'„.'. 

K is the modulus of cubic elasticity = 2 x 10'* dynes persquW* 
centimetre, and fj^ = 1 gramme per square centimetre for water, 
The law expressed in liritisb units is 

/= Vx62-46S- 
S being in lbs. per square inch, and V in feet per second. 
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In ihis rule the pipe is supposed to be perfectly rigid. 

In practice the " ram " pressure never rises so high as that given 
y the above rule, because it is impossible to stop the flow with 
ofinite rapidity, and also because the pipe stretches a littie. 

Mr. Weston has made some useful expierimenls on the actual 
nressures produced in pipes of various diameters by stopping the 
low in about o' 15 of a second. 

A series of experiments were carried out by us recently aC the 
Technical College, Finsbury, with the object of determining how the 
' ram " pressure varied with rate of stopjjage. 

The paper barrel of a Crosby steam engine indicator fixed on the 
Mpe was driven at a constant speed, and a valve in the pipe beyond 
She indicator was closed at different rates, the pencil of the indicator 
in each case drawing a curve, of which ordinates showed pressure in 
pipe and abscissse time taken to close the valve. The ram pressures 
were found to be nearly proportional to rate of closing. The time 
occupied in closing the valve varied from half a second to ^g- of a 
second, the ram pressures varying from o to 50 lbs. per square inch ; 
but the experiments are not yet sufficiently complete to warrant the 
Ibnnulation of a law. 



\ 



HTDRAULIC CRANES. 



Lord ARMSTROttC (then Mr. Armstrong), the pioneer in the designmg 
of high-pressure hydraulic power machinery, soon saw the peculiar 
fitness of pressure-water for working cranes. Being fully aware that 
this motive power is best adapted for giving a slow steady motion, 
he devised a method of lifting the load at one stroke of a ram or 
piston, multiplying the motion sufficiently by means of pulleys. The 
arrangement adopted by him, and still employed, is like an ordinary 
pulley tackle worked the reverse way— in other words, the ram acts 
where, in pulleys, the weight is usually attached, the load on the crane 
occupying the place of the usual applied force. Thus it is necessary 
to apply to the ram or piston of the hydraulic crane a force four, 
six, or eight times that due to the weight of the load raised, but 
the ram moves correspondingly slower. 

A crane was designed by Mr. Armstrong on these lines, with an 
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additional cylinder for slewing or turning the crane and load. Ifaeii 
of this cylinder carrying a rack working into a spur nheel on l) 





[he crane. By the courtesy of Lord Annslrong's firm n 
give, in Fig. 146, a correct illustration of ihe crane, 



rw 



.der wiU be struck with the exceUence of the design, made fifty 
»ts ago, and scarcely surpassed even now. 

ll will be noticed that there are three working cylinders, one, two, 
all of which may be used at will, thus altering the power of the 
Lne and the consumption of water to suit the load. 

Every well-designed machine of this kind is provided with a relief 
Ive. to prevent injury to the cylinders or nicchanisra if the momen- 
Ti of a moving load be suddenly resisted. Thus, if the load on a 
cue is being rapidly lowered and the exhaust valve is suddenly 
>sed, the momentum of the moving parts, resisted by unyielding 
-ter. is likely to cause severe shock, unless some means be provided 

which water can escape as soon as the pressure exceeds a given 
lit. Fig. 147 shows diagrammatically how this can be accomphshed 

the case of a crane, S is 

e supply pipe through which I | | | 

e pressure water passes to | I I r 

e lifting cylinder C ; M is the 
gulating valve admitting the 
ppiy when necessary, and R 
e exhaust valve, M is usu- 
y closed when R is opened. 

R be suddenly closed, the 
;rtia of the moving parts pre- 
nts them from coming ini- 
;diately to rest, but when the y\s. 147. 

issure exceeds a certain limit, 

; relief valve K, which is weighted so as to open only at or above 
It pressure, opens, and some water finds its way back to S through 
; by-pass F. The actual arrangement adopted by Armstrong 
cranes in which the regulating valve is a slide valve, is shown in 
J, 148,* whert spaces M M communicate with the supply pipe S, and 
E with the exhaust R. When the slide valve is moved in the direc- 
n of the arrow, the pressure supply is first cut off from the port Y 
the lap of the valve, the port X being still open to exhaust. At this 
WJit the flap valve K opens upwards and allows a small quantity of 
ter to pass from the exhaust port R into Y, to follow up the ram 
til brought to rest. When the valve arrives at the mid-position, 
shown in the figure, X is closwl to exhaust, and the pressure in X 
ing further increased by the motion of the ram before it is com. 
tely stopped, the second relief valve L opens and a small quantity 
water passes by M into S. When the slide valve moves the oppo- 
• From Proceedings Inst. M.E., 1858. See also Appendix, p. 373. 
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site way, the two remaining relief \-alves come itilo actioif' 
same way. This gives perfect control of the ciane, with freedoiT 
from shocks. This crane (Fig. 146), though thoroughly tested aol 
found efficient, was not erected publicly for some time. 

In 1846, one of these cranes was erected on Newcastle Quay aoj 
excited great interest, engineers coming from all parts to see it, amoqg 
others the engineer of dte 
Liverpool Docis, who ordarf 
some cranes of a similar kiod 
for Li%eqxK>l, and the gieu 
system of hydraulic dock cran- 
age was successfully staitcd 
In 1850 cases were mei wiA 
in whith the pressure of the 
nlinii!) town supply was in- 
•^uitii lent, or of too vari^lei 
n iiurc to be relied on, and the 
' \|'inse of erecting towers with 
1 It \ ited tanks to supply the 
liL id ntLL'Ssary would hare 
liLLii too great, owing to the 
n 1 ture of the foundadons ; 
liLiite sle.im pumps were used 
in < onjunction with air cham- 
licrs to give the necessary prcs- 
ill re The air vessels not 
proving a very good anange- 
ment, Mr. Armstrong derised 
the hydraulic accumulator— 
one of the mosi 
featurei m a hydraulic supply 
system. Hydraulic cranes have 
now come into common 
for docic, railway, warehouse and other purposes. The first h)-draulic 
crane used for.railway station work was erected at Newcastle, on the 
North-Eastem Railway, in 184S. 




Railway Station Cranes. 

Fig. 149 shows a small hydraulic crane, such as is used alls 
railway stations. It is capable of lifting 30 cwt. 

The lifting cylinder here is in the centre of the revolvi 
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r crane post, which is turned by a pair of hydraulic plungers, 
ith multiplying sheaves and chains attached to a drum on the 
ottom of the pillar. The lifting, lowering and turning valves are 
laced side by side, the pressure water being conveyed to the lifting 




Fig. 149. 



cylinder through an oscillating joint in the bottom socket of the 
pillar. This crane is used where the building in which it is placed 
allows of the top socket in which the pillar turns being attached to 
the roof or an overhead floor. The next illustration, on the other 
hand, is that of a crane which is independent of such support. In 
some cranes the lifting cylinder itself forms the pillar, but even for 

o 
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light cranes it is more usual, now, to construct the pilUr^d 
steel or iron, and to place the cylinder within it, as shown in 
figure. 

The crane shown in Fig. 150 is of the older type, the ramlx 



P 




■r cylind 

V to whi 

^L pulley 



n the centre of die crane post, and when it is forced out of i 
:ylinder b>' pressure water from the h)'dr:iulic mains, it pulls in the cha 

hich the load is attached. There being one fixed and two movah 
pulleys, the veiccity ratio of this machine is 4 to i. The rams fig 

iog are seen at the base of the crane post. 



Movable Cranes for Quays. 



n 



Dock or Quay Cranes. 

Cranes for loading or discharging cargo ate now usually of the 
movable type, this type possessing obvious advantages over fixed 
cranes. It inust be remeinliered that rapidity of loading and unload- 
ing are of first importance in quay and dock work, and with movable 
cranes, four or five ran be brought to bear on one vessel, beinir 




placed in positions- to suit the several hatches. For ordinary loading 
purposes a crane cajable of liftingfrom 30 cwt. to 2 tons is found to 
be most convenient, and many patterns of cranes of this power are 
used. Views, of ^ome of these are shown in Figs. 151 and 152, the 
lifting cylinder being within the pillar in each case. The multiplying 
power of the sheaves is usually 6 to r, the length of die lift being 
50 to 60 feet. 

The turning machinery is in the pedestal at the foot of the pillar, 



\ 
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and is similar to ihat of the cranes nlready rfescribeil, the lumingB 
cylini^rs, however, beinj; of greater power on account 01' liie greaKtH 
rake or radius of the jib. The valves are worked from a Mbin.B 
sotniitimes placed on the pedestal. Sometimes two ralitns jrc uwi B 
one on eaih side of the pedestal, nith two sets of valve-;, from -_i!tHT W 
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Fig. 152. 

I |of which the crane can he worked, but often one cabin only is used, 
and it is placed in the revolving ['^rt of the crane, as shown in 
Fig. 152. In this case the turning cylinder is fixed on an inclined 
mne at the back of the pillar, the drum which is cupped to receive 
the links of the chain is fixed to the upper bearing in which the 
pillar revolves. The pedestals of these cranes are frequently made 
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■with archways through them, to economise spnce liy allowing a road 
or line of rails to be made through them. Screw rhocks are fitted at 
each corner of the pedestal, to relieve the wheels of the weight of the 
crane, and hand gear is often fitted for moving the crane along the 
,; ly- There is usually a frame on the back of the pillar, carrying 
Hi ient counterbalance weights to render the crane stable without'' 




the highest load 



ichment to the rails, t 
h Es designed to lift. 

In cases where an exceptionally long rake or radius of jib is 
required, the jib is fitted with a topping or derricking motion as 
shown in Fig. 153. Cranes intended for dealing with coal or Other 
like minerals are often fitted with weighing gear, which may be of 
the hydrostatic kind {the chain passing over a pulley attached to a 
small plunger which rests on water in its cylinder, the pressure of 
this water showing the weight lifted) or on the steel-yard principle. 

In this case the jib-head sheave is mounted, not direcUy on the 
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jib itself, but on a steel-yard supported on knife-edges neai ttcail 
of the jib as hhown in Fig. 154; the inner end of the stecifrik 
being ' attached to a spring balance which shows the wd^ ob llr 




I The counterbalance weight, balancing the weight of the steel- 
lafaown in the figure, on a short lever who^e fulcrum is on the 

Cranes with Variable Power, 

cranes lifling small loads no attempt is made to economise 
ite water by using a smaller amount when small loads are dealt 
|0r is the power of the crane varied. In the case of 40-ton 
pranes, however, the power of tht^ crane, and the amount of 




: used i>er. lift. 



tised. 



lis variation of power is effected in different ways. In one class 
Bc two powers are obtained by having the lifting ram shaped 
Mston, with a very thick piston rod. Full power is obtained 
ntttng the pressure water to the front or full area of piston, the 
icing open lo exhaust. When the lower power is required, the 
re supijly is admitted to both front and back of the piston, the 
re on tlie full area pretiominaiing. the water on the other side 
pkton is forced back into the pressure mains, and thus only a 
■BOnt of water equal to the difference of the displacements 
■Bl piston and of the annular space round the piston rod or 
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plunger is used, the eflfective force being that due to the area of the I 
plunger only. The arrangement of valves for such a ciane is sbowD I 
in Fig. 155, which fully explains itself. I 

Another arrangement for obtaining varying powers is that m I 
which three < ylincltrs are used, these cylinders being placed alongflde I 
of each other and close together, the three plungers working in Aese I 
cylinders being attached to one cross-head, as shown in the pbn of I 
the first Armstrong crane (Fig. 146). The valve, very similar to dnt I 
shown in Fig. 155, is so arranged that the pressure water can be I 
admitted either to the centre plunger, to the two outside plungers, or 
to all three together. 

This (Tanc lifts with three different powers, using propoitioDate 
amounts of water. • Neither of these methods is now much in fevoor 
with the hest makers. | 

It is very seldom that more than two powers are required, and in ' 
such cases it is found to he better to employ a cylinder with tio 
concentric phingers, the outer ])lunger being hollow and forming the 
cylinder for the inner plunger. Clamps are provided for holding 
back the outer plunger wlien the lower i>ower only is required. When 
full ])ower is necess;iry tlie rlanij)s are thrown out of action and the 
two plungers move together. The outer i)lunger, is, of course, fitted 
with :i stiifting-box similar to that of the cylinder in which it mo^TS. 
In cranes of this <lass the valves are the same as for an ordinarj' single- 
[>owere(l crane, and of the same tyi>e as that shown in Fig. 155, but 
with two spindles only, one for pressure and one for exhaust. 

Hkavv Qr.w Cranks. 

Fig. 156 is atypical exanii)le of a heavy fixed pedestal crane, such 
as referred to above, being ca]>able of lifting 40 tons with 50 feet lift. 
The pillar containing the lifting machinery is mounted on a pedestal 
secured to the cjuay by eight or more strong holding-ilown bolts. 
The machinery is inside the pillar as before. It consists of the 
ordinary hydraulic cylinder with ram or j)lunger and multiplying 
sheaves, but as is usual in heavy ( ranes, the plunger instead of 
being a simple one as in the lighter cranes, consists of two concentric 
plungers, the inner one working through a stuffing-box in the outer 
end of the larger one. - Clips are fitted to the pillar which can be 
thrown into action by a hand lever on the side of the pillar. These 
clips lock the outer plunger so that the smaller plunger alone acts 
when comparatively light loads are being lifted. WTien heavy loads 
are being raised the larger plunger acts on the lifting chain, the inner 



Heavy Quay Crafies. 

Ue rcmciiiiing inert. Thus with light loads less pressure water is 
The lifting chain, as will be seen from the figure, is double. 
s lo avoid the use of a very larj;f rhain, the (lulley above the 
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lifling eyo being merely (irovideri to allow for unequal stretch of ihe 
two portions of chain which is doubled in a " bight " over this pulley 
and passes thence over the multiplying sheaves in connection with 
the lifting cylinder, both ends being attached to the cylinder. The 
same range of power and lift could be obtained hy fixing one end 
only of the chain to the cylinder, increasing the muiliplying power of 
the sheaves and using a running block instead of the equalising 




pulley described, but the method iidojitud reduces 
of the chain. 

The pillar is tumefl by a pair of hydraulic cylinders, [ 
horiiontally side by side in a casting on one side of the ] 
with chains, multiplying sheaves and a drum fixed on the bottoni!^ 
the pillar as bcfgre. The to]i bearing of the pillar is usually fi 
with " live " or anti-friction rollers. The turning machinery is, t 
some cases, placed in a chamber under the level of the quay roadwttyJl 
being covered in by cast-iron plates. 
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Sometimes these cranes are made to lift 50 tons and have an 
Litthway through the pedestal cajiable of allowing a locomotive to 
V-iss through, as shown in Fig, 157. This crane nas designed to 
■•'■t\<: t«o graving docks lying side liy side. 
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When the crane has travelled to the end of Uiese two docks ihc 

leg of the ]x;dfstal farthest from the dork edge is secured In a 
temporary jiivot on the 4uay, and the crane turns rouiiJ the pivot, 
ll fan then lie moved along the side of (lie other dock, the disianrr 




Fig. 159. 



between the two dotks being rather more than twictjlhe span of die 
crane pedestal. 

With cranes above 50 tons lifting power the "roller path" type 
of crane is usually adopted {see Fig. 158). either with direct-acting 
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lirting cylinder as shown, or nith chains or wire rojies as before. 
The crane shown in the illustration can lift 100 tons ; the lift of the 
direct-acting cylinder being 50 feet, and the radius of load 55 feet. 
The crane is mounted on a ring of " live " or anti-friction rollers, and 
is turned by a hydraulic engine, with gearing acting on a circular 

An auxiliary chain purchase capablf of lifting 30 tons through 
■(JO feet is provided, the direct-acting cylinder being swung in lowai 
\\w jib when this purchase is in use. 



CuALiNG Cranes. 

k very important application of hydraulic power is that which 
deals with the shipment of coal. Fig. 159 shows a movable crane 
designed for taking up a wagon of coal and emptying it into a ship. 

The apparatus consists of three parts, the crane, the cradle and 
the cradle seat. The crane is very much like some of those described. 
with the addition of a special hydraulic cylinder for tipping the truck. 
The cradle and seat are so designed that there is no breach in tht- 
(ontinuity of the line of rails. The cradle sitting directly on the rails, 
is guided into place by the seat, which is fitted with romps at each 
end so that trucks can easily be run on and off the cradle. The 
truck is prevented from running forward on the cradle when the latter 
is tipped over the ship's side by a pair of hooks engaging one of the 
axles, as shown in the illustration. These hooks .ire mounted on a 
shaft, which can be turned down to disengage the tnack. The trucks 

S' uled hy hydraulic caiistans, which can also move the crane. 
Coal Hmists, 
lis is another method of shipping coal. The most usual pattern 
ist is shown in Fig. 160, 
W loaded truck is run on to a cradle at the quay level, and is 
by direct-acting hydraulic cylinders placed directly under the 
to such a height as may be necessary, 
i ne cradle is fitted with a tipping frame which carries rails, on 
which the truck rests. This frame is hinged at the front of the cradle 
and at the re.ir end is connected to the plunger of an oscillating 
hydraulic cylinder fixed to the under side of the cradle, so that when 
this cylinder is brought into operation the truck is tipped into the 
shoot on the front of the hoist framing. This shoot is adjustable to 







suit the level of the shi 
canying the shoot is of 
auxiliary or anti-bresikage 



The framing for guidiijg the cradle and 
I or steel, and on one side of tt is fined an ' 
:nine by which when first starling to I 




a ship the coal, if of a friable nature, can be lowereJ in a box from 
the nose of the shoot to the bottom of the ship unlit a sufficient cone 
of coal is formed in the bold to break the fall of the remainder. 

The empty trucks in' this case are run off on a viaduct, which is 
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connected with an inclined plane, and are not lowered directly to the 
quay level. 

Where hopper wagons have to be dealt with, the under side of 
the cradle is fitted with an inclined hopper or shoot, and the cradle 
is raised until the nose of this shoot is in line with the rear end of 
the main shoot. " In sotne cases the cradles are lifted by chains and 
ropes. Provision is usually made in this, as in all good hoists, for 
balancing the dead weight of the cradle, and sometimes that of the . 
truck also. Sometimes coal-hoists are made movable along the quaj-J 
to suit the various hatches of the ship. 

The cranes referred to in the foregoing pages are all by Messrs. . 
Sir VV. G. Armstrong & Co. There are, of course, many other forms 
of hydraulic crane, and other makers. In some foundry cranes, for 
instance, a horizontal tie similar to that shown in Fig. 149 is em- 
ployed, the load being suspended from a little carriage which can 
run along the tie, pressure- water being used to lift the load, which is 
" traversed " by hand ; or in some cranes the three operations of 
lifting, traversing and slewing are performed by three separate 
cylinders. 

The hydraulic "centre crane" of Messrs. Tannett, Walker & Co., 
is ingenious in that the central ram supports the weight and acts as a 
guide in lowering and raising the load, there being two smaller side 
rams which are employed lo lift the load. In other words, the 
pressure water acting on the central ram supports the dead weight of 
the crane, &c., whilst the pressure acting on the side mms overi:6mes 
the net load lo be raised. Thus water is economised, for the water 
under the central ram is returned again to the mains as the crane is 
lowered. One side ram only may be used to lift small loads; both 
acting when the fill! load is raised, and thus a variable [lower and 
ater consumption are obtained. 



XXI. 
HYDRAULIC LIFTS. 
PrtsBENCER Lifts. 
e increasing value of land in cities, necessitating increased height 
r houses, has rendered a lift an almost indispensable adjunct of 
modem civilisation. A good lift, well designed in every detail, and 
well constructed, provides for almost every contingency whicli can 
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arise in coniiettion with its use. Failure of the valve, over-iravd, 
failure or fracture of the suspending ropes or sujiporting ram, 1i:nkage, 
too high speed, are all taki?n into account and provided against in a 
high-class lift. But these provisions cost money, hence a fcaUy good 
lift rannot be had at a low price. 

To erect a cheap unsafe passenger-lift is not only to be -poinv 
wise and jxiund fooli.sh," but it is morally criminal. A raerduiM 
who would not trust his own person inside an unsafe vehicle, has no 
right to expect his employees to use daily a lift which is dangerous 
lo life and limb. Proprietors of hotels and other places of pobfr 
resort are Hkely, for their own credit, to be careful in this matter, but 
oil lifts for the use of passengers should be inspected and licensed if 
some competent authority, such as the Board of Trade, If ihisivffc 
done the familiar heading " Another Lift Accident," would probalilj 
soon disappear from the daily newspapers. 

Hydraulic Lifts. 

The old methanical lift, worked by ro]K;s or pitch-chain awl 
pulleys, continually moving up and down so long as the shaftiiig 
driving it revolved, had its day, and despite its dangerous characiei 
is still use<i. For purposes where safely is a first consideration, 
however, the hydraulic lift alone is employed. 

It is difficult now to determine with certainty who first constructed 
a hydraulic lift ; probably Lord Armstrong, who is said to h«ve 
employed one of his cranes lo raise and lower in the vertical shaft of 
a warehouse or workshop, a cage containing goods. The extension 
of our systems of hydraulic power co-operation has rendered tat 
hydraulic hoist, or lift, one of the most iJopular and common of the 
many applications of pres.TOre water to ordinary operations. The 
principle of a hydraulic lift is exceedingly simple, yet a perfect anJ 
safe lift is by no means easy to construct. 

In our pressure mains is water, every pound of which at any 

;,» . . 

given point possesses energy A + — + 2-3/ ft.-lhs., because it IS 

h feet above datum, is moving at a velocity of ;- feet per second, and 
is at a pressure of/ lbs. per scjuare inch. 

The energy represented by the first two terms is not available, Xo 
any considerable extent, for doing work in the cylinder of a lift. We 
may take the last term as reiiresenting the enei^y of each pound. 
A hydraulic lift is an appliance which takes this energy and trans- 
forms it into the potential energy of goods or people at the 
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neO by the lift. Both these are high fonns of energy, so w 
ind indeed obtain, a high efficiency from the apparatus. 
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There is no doubt that most people feel more safe, in a lift, if they 
see how it is supported anil moved. The feeling of safety is 
itly increased if the passenger can see thai the cage is/HjA«/up 
a ram instead of being pulled up by chains or ropes, because in 
latter case the thought of what would occur if the ropes were 
break, interferes with one's comfort. It is quite true that the 
ect-acting lift, without any balancing arrangement, consisting of 
cage or room resting on and attached to a ram, which works 
tically in a long cylinder, and is supported by water, is a very safe 
•\ simple appliance. Unfortunately such an arrangement is usually 
pensive, for each lift of the cage will use as much pressure-water as 
required to fill the space left by the rising ram. On account of 
s expense, and the first cost entailed by sinking a well for the long 
Under to a depth of 60 or 100 feet, to say nothing of the making 
d jointing of the ram and cylinder (these items of first cost being 
mraon lo all direct-acting lifts), this simple form of lift is not so 
ich used as one might expect, \Vhere a plentiful supply of water 
a comparatively low pressure is available, it offers the advantages 
simplicity and safety. The direct-acting lift, with proper balancing 
■angements, is very much used in cities provided with high-pressure 
pply, and is probably nearly as safe as a good suspended lift. It 
worthy of note, however, in passing, that one or two recent fatal 
. accidents have happened to direct-acting lifts. The feeling of 
ater safety in a direct-acting Uft, due to the fact that the passenger 
n see how he is pushed up by a substantial-looking ram, is more or 
s illusory, if the comparison be made with a high-class suspended 
- For one thing, the direct-acting lift hardly affords the same 
:ility for the use of a safety gear. 

In designing one of the simple direct-acting lifts t!ie principal cal- 
lations are easy. Thus if the weight of the ram^i.e. the force neces- 
ry to support it when as far out of the press as it can go — is \V lbs., 
It of the cage w lbs., and the load L lbs,, the pressure of the water 
ing/ lbs. per square inch, then tlie cross-section of the ram, a square 
:hes, is given by W-l-a. + L=^tf 

friction be neglected ; or, if the average force necessary to over- 
inie friction be zo per cent, of the total load, 

H!(W + i» + L)=/,.. 
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Suppose, for cxaniplt', \V is 1500 lbs., w mo Ills,, the lo»d 10 
be raised mo lbs., and ihe least diameter of ram consistent witfaiu 
use as a stmt is 8 imhes ; find lh<; pressure of the n-ater. 
££ fi50o-H»o+iiJo ) _ 
10 7854x8^ -■'^• 

or / is 91 '67 lbs. per square inch. A slightly gnatci pressure in 
the supply pipes would be necessary, owing to the redsbmce of the 
valve, &c. 

If we attempt to use this lift with a high-pressure supply o^ aj. 
700 lbs. per square inch, we find that the area of Ihe ram is 
IJ (1500^+ izao + 1120) ^ 
10 700 

or a is 6-58 square inches, or its diameter is j'Sg inches, iriiidi 
would be much too thin for a long column such as lliis turn. 

This shows the necessity for some sort of pressure-diminubing 
arrangement where high-pressure supply is used. 

In places where the lift can be worked, not from pressure maini 
connected with an accumulator, but from a tank or the ordinaqr 
domestic supply, the objection of the too great ram diameter iKe» 
sary for strength, giving too high a force, does not apply. 

For instance, in the above case, if we have a romparativdj lo* 
lift and know that from strength considerations the ram dumld be 

5 inches in diameter, the pressure of our water will be — 355£_ 

-7854X5' 
= 195*5 "'S- 1*'' square inch neglecting friction, or 334'61bs.|Mi 
square inch, allowing ao per cent, for friction. If this water conta 
from a tank or resenoir, the height of the water in it must bft H 
least 3346 X 2'3, or S39J feet above the level of the hoisL If 
the actual head available is aoo feet, we must increase the dinniW 
of our ram to Z■z^ inches, 

The ram diameter can thus be determined for the pressure avail- 
able, but if too great, will give rise to constructive difficulliM aadi 
expense, as well as greater friction. ' 

We are here neglecting the fact that the apparent weight (rf liift 
ram which has to be considered, is not reallv a constant thing at all| 
but becomes greater, the further the ram emerges from its cylindec 
Vou know that a stone is more easilj hfted if immersed in warn; 
that, in fact, any body seems to lose, through immersion in water, 
an amount of weight (qttal to the weight of Iht a eUer it dispicues. TUs ^ 
should be taken into account in all) perfett balancing arrangemeni, \ 
but if the pressure is high, h is not of much practical importance. 
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! You see, then, that «-iih 
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iijoikrn direct-acting lift 

I he room, or cage 
(usually called "the 'lift") 
consists of a well-finished 
:iiKi comfortably nphol- 
stL-rud room, moving vcrii- 
chilly ill a square shaft or 
" cil-holt-adjoining thestaiis 
of Ilie building. The cage 
or room is securely fastened 
10 the lop of a long ram, 
which works watertight 
through the gland and stuff- 
ing-box— veiy similar to 
that of a steam engine 
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jBder — of a press sunk deeply into the earth, In the cellar to 
I right is seen the hydraulic balance (to be more fully described), 
li its feed-pipe from the mains and the service pipe from it to the 
K cylinder. 

The valve by which the motion of the lift is controlled is shown 

rked by a rope passing up through the cage. 

Hydraulic Suspended Lifts. 

Before referring more fully to methods of balancing, it may be 
sideragood modern suspended lift. Fig. 161 shows the 
I of lift which has been filled throughout ihe Imperial Institute, 
pdon, by Messrs. Archibald Smith and Stevens. The cage is sus- 
ided by four steel wire ropes, each of which is of sufficient strength 
Kbear the entire load with perfect safety. The cage is carried in 
\ iron cradle, and is fitted with a safety gear of a very ingenious 
kind, which comes into oulion stopping the cage, if any one of the 
ropes stretches or breaks. The speed can be increased to 500 feet 
per minute — which would be impossible with direct-acting lifts — but 
zoo feet per minute is the limit recommended. The lift is simple, 
and no deep bore-hole for the lift, cylinder is required, as it can be 
placed in any convenient position, the motion of the ram being mag- 
nified by pulleys as shown. As regards cost, it is said that in London 
the cost of moving a load of lo cwt. up and down three times does 
not exceed one penny. 



Arrangements of the " Otis Elevator." 



The Otis Elevator Company — the pioneers in the branch of en- 
gineering devoted to lift construction — adopt an arrangement of 
cylinder and valves which is worthy of careful consideration. 

The arrangement is shown diagrammatically in Fig. 163, where A is 
the cage, E the wire rope carrying it (in practice there axe four ropes), 
passing over the guide pulley C and the pulley D on the end of the 
rod of the piston F, which works in the hydraulic lift cylinder G. 
It is evident tiiat to lift the cage A the piston F must be forced 
Lwards. The pressure water — either from pressure mains or a 
lank at a sufficient height — is admitted at H to the valve box, in 
which the slide valve K works. F moving downwards, it is evident 
that the water under F must escape, which it does by the (escape or 
discharge pipe J, passing lo J through the inner or exhaust space of 
~ valve. 
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The position of the valve shown in Fig. a corresponds with the 

rard journey of the cage A ; that in Fig, ^, where the admission 
I and the escape pipe 4 are both covered by the flanges of the 
live, represents the position of things when the cage js stationary ; 

1 that shown in Fig. y represents the position for the downward 
nimey of the cage. The cage which, even when empty, is suffi- 
intly heavy to draw the piston F up, does so, and the water above 
e latter passes through the passages a and 3 into the lower end of 
Bie cylinder, the escape port 4 and the inlet i being both closed. 

It is evident that, by slightly opening the passages 2 and 4, the 
1 of the cage may be varied at will within certain limits. This 
[throttling, however, is wasteful of energy. The movement of the 

re is effected by ihe handrope N, passing up through the cage. 

is acts on the lever L, and on the valve, the rofic being kept taut 
y the lever M, 

By gradually closing the ports the motion of the cage can be 
'educed very gradually. If by inadvertence the inlet port is not 
' losed when the cage reaches Ihe top of its ascent, the piston F, in 
' t5 fiirther descent, covers the oudet passage 3, Ihe piston being forced 
to stop, having a quantity of unyielding water in front of it. In a 
similar way, if the valve is not moved to the proper position in the 
tlownward journey, the piston covers passage 3 and is compelled to 
stop. \ safety valve is provided to prevent undue pressure due to 
sudden closing of the passages, by hand or otherwise. This arrange- 
ment of allowing the exhaust water, (luring descent, to merely pass 
round into the other end of the cylinder, is a most important feature, 
because it is hardly possible that this transfer can take place with 
sufficient rapidity to permit a very sudden descent of the cage. With 
such an arrangement, an accident like that which took place recently 
in London, referred to later on, is impossible, at least during descent. 

This arrangement also obviates the difficulty met with in some 
suspended hydraulic lifts, where, if the cage, in its downward course, 
meets with an obstruction, the ram and ropes go on slacking out, and 
the sudden removal of the obstacle may cause an accident on account 
of the quantity of rope which has been paid out. Kven if an acci- 
dent do not occur, the ropes are liable to leave the pulleys when very 
slack. The Otis arrangement prevents these troubles, as the stoppage 
of the cage merely stops the ram, since it is the excess weight of cage 
which pulls the ram up, and if this excess weight is removed ihe 
piston stops, both sides of it being subjected to the same water 
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det^, but the principle is the sitae. Thus, d)cre are Ibnr lOfO 
instead of one, as shown, liro pision rods aktc^siilc of eadi otbo, 
joined to the one piston, thus facilitittng the fixing of ifae boK 
pulley D ; and a balance weight, neaiiy Lolaodng Ifae veigfat of die 
cage, is lised under I). The valve, instead of beil^ a fiat slide ntre, 
as shown in the figure, is a piston voire, wludi, of cooise^ works tudi 
more freely under heavy pressure, and also allows a series of periim- 
lions in the covers of the ports, which are gradually closed by lir 
valve. The hand-rope acts on a tack and pinion, instead of on ibr 
lever shown, but the principle is that adopted by the compmyw 
lifts not over, say, 66 feet. 

For higher lifts the column of water under the piston vooU 
exceed 33 fe«t, and would no longer be supported by atmospbtric 
pressure. The lift c>*linder can, however, be placed bonEontally Mid 
further guide pulleys employed, or the cylinder can be sunk vsAa 
the level of the escape water, for higher elevation. The Otis Co* 
pony have 520 "elevators" in New York alone, of which 130 bin 
lifts of from 100 to 150 feet. 

In connection with the 4000 or so lifts they have erected, do 
serious accident is, we believe, recorded, clearly demonstratii^ the 
superior properties of a well-designed suspended lift. 

So far as the author is aware, this company does not use hydiaufe 
balances, employing the deadweight already noted. The amiulai 
piston area only is employed for lifting, hence the hydraulic babnce 
is less required in this than in direct-acting lifts. 

The method of reducing the pressure by throttling, already noticed, 
though very convenient, and a valuable means of adding to tbc 
smoothness of the motion at stopping or starling, is wasteful, and oot, 
in principle, a desirable thing. 

The annular volume has to be filled with water each time the 
piston descends or the load is raised ; this water passes round to the 
other end of the cylinder as the cage is lowered, and to the exhaust 
on next lift of cage. Hence a volume of pressure water equal to Ac 
annular volume is used each lift of the cage. The annular volume 
may, however, be made sufficiently small to prevent 
water. 

These lifts are most frequently actuated by water from the 
ordinary domestic supply mains, from a tank, or from a private 
pumping plant on the premises. 

The arrangements for packing the piston and piston rods are 
good. The piston being at the bottom of its stroke, the cover of 
the lower end of the cylinder is taken off and new rings put in. The 
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piston rods arc packed in the usual way with glands and stuffing- 
boxes, which are of course readily accessible. 

The safely-gear of this lift is described under the separate headiiig 
" Safety Gears." 

In the Commercial Buildings, New York, no less than 67,000 
persons are laised and lowered per day by Otis lifts. This com- 
pany also supplied the principal lifts of the Eiffel Tower, and more 
recently the lifts of the Glasgow Harbour tunnel, of which a brief 
description is given at page 237. 

Sajetv Gears. 

Many safety gears or safety catches for lifts have been designed, 
only two or three of which, however, are really reliable. The 
commonest form of safety gear for a suspended lift is one in which 
the suspending ropes are attached to levers, which bear cams or 
latches at their outer ends, these cams being kept from coming in 
contact with the guides bj the pull of the suspending ropes, A 
spring is usually provided which brings the cam into contact as soon 
as the rope breaks or slacks sufficiently. The difficulty with such an 
arrangement is that, if the springs arc strong enough to make the 
cams act as really effective brakes on the cage in case of fracture of 
the ropes, they will probably cause the safety apparatus to act each 
time the cage starts downwards. Since the cage, load and ram 
constitute a considerable mass, and have therefore great inertia, they 
resist being set in motion even by gravity. Hence, when the cage 
is stationary, just before descending, the suspending ropes must slack 
out freely in order that the cage may promptly start its downward 
journey. This is the opportunity of the spring- impel led safety catch, 
and if sufficiently active to be a real safeguard, it is difficult to prevent 
it from acting when not required. 

It must be remembered too, that ropes seldom break quite 
through, and the back drag of a portion of a broken rope, with a 
gear of this sort, may be sufficient to prevent it from acting even 
when the cage is falling. 

Safety Gear of the Reliance Lift. 

The safety gear of the class of lift erected at the Imperial Institute 
is shown in Fig, 164. Hundreds of these lifts have been erected in 
Great Britain, the Colonies and India, with a record of absolute 
immunity from accident The gear, as will be seen from an ex- 
amination of the figure, has no springs, and it is actuaUd by the attire 
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suspended weight. The lift is suspended by four ropes, two on each 
side of the cage, each ropt A being secured lo ihe horizontal aim 
of a bell crank 1). The vertical arms of the two bell cranks — referring 
to one side of the cage as shown in the figure — are joined together 
by a bar C, so that the bell cranks must move simulianeousljr. 
Under ordinary conditions, the two ropes being equally tight, the 
horizontal forces of the two cranks inwards are equal, and henot 
these forces neutralising each other the cage is suspended 




metrically with respect to the guides G G. Two cams F F a» 
provided having projecting lugs, which engage with corresponding 
projections on the bar C, It will also be noticed that the cam-shafo 
E E are coupled together, so that if one cam engages with the guide 
all must grip together. If a cam once comes in contact with the 
guide, any tendency of the cage to descend only intensifies the grip. 
Suppose one of the ropes A to slacken, then the other rope having 
more than its share of the weight to support, causes an extra horizontal 
force on the bar C, which, acting against the diminisheii force due to 
the other lightly loaded crank, moves the cage over, and the cam on 
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I'THicr side comes in contact with the guide, immediately causing J 
■''\': cams to grip and arresting the cage. Thus the gear does not 1 
; ily wait till the rope actually breaks, but acts on that stretching 1 
■ 1:; place whith usually precedes fracture.- This gear often a 
I iij stretching of a sound rope under ordinary conditions, but this ' 
■■■ lalls attention to the fact that the rope rec|uires tightening by 
:ii'-Mns provided for that purpose. If the gear acts through the 
' liing or lireaking of a rope, the rage can readily be drawn up to 
^oor above so that the passengers may alight, the cams only pre- 
mg downward motion. If all the ropes broke absolutely simul- 
' "usly, the gear might not prevent an accident, if the cage were ( 
rop without one or other of the cams touching. But such a thing I 
most impossible, and the addition of a spring — which, however, 
vs well 10 avoid for the reasons already given — would provide 
' I. v'tn this exceedingly remote contingency. Any safety gear which ' 
"tily comes into use in case of an accident, and is never used under 
ihe wgiular working conditions, generally fails when required, having 
twwnc clogged or oxidised through want of use. The common test 
' ■ lilting tlie ropes imniediately above the cage, is one that a very 
' rtwrt gear will satisfy, since the back drag of a portion of a 
vLii rope, which would prevent the gear from acting during an 
mtifak, is absent. 
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The cage, as already stated, is carried by four ropes. These ropes 

!"« fiisi to an iron yoke which surmounts the cage, and thence in 

'■0 pairs down two opposite sides of the rage to suspending eyes, 

' I !i cany the cross-piece on whith the cage rests. This cross-piece, 

[I yoke and oblique lies, form the framework containing the 

this framework carrying four gun-metal guide sleeves, which 

"It up and down on planed hardwood guides. 

The ropes are not attached directly to the lower cross-piece, but 

to a lever or balance-beam, which has its centre of oscillation 3 

"■'ie. 165) in the cross-piece, and its enJs r and 3 receive the pull 01 

' ' ivo ropes directly. If any one of the ropes stretches, the balance 

'ii rises at one side or the other, any such rise causing the catch- 

■!i;c to grip and arrest the cage in its descent. For instance, if the 

'"l* at I is a little too light, the end i of the halan<:c beam rises 

••OW it> normal horizontal |>osition, causing its head 5 to strike the 

K lever 6, 4, and so forcing the wedge at the right of the guide 

Each time this wedge is driven borne that in the oppo- 

d of the cross-beam is also lightened as the spindle 6 of the ' 
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gripping lever passes through to the other side of the cage (1 
carrying a similar lever, which, being Uke this one.&Lst on the spinJfe,! 
must act when the nearer one acts. If rope 3 ts too ligiil. 3 o" ■ 
rising strikes the gripping lever at 4, also causing tlie wedge W Jtt I 
When the cage is thus arrested it is only necessary ti 
so as to raise the cage a little in order to free the wedges ind al 




The cage, a weak spring relieving the wedge. ThisUoM 

of the few safely devices which is really safe. 

Safety Gear to prevent Exckssive Speed. 

Both in this, and the Reliance lift a]rcady described, there » "' 
possible but extremely improbable kind of accident which ihcgcwio 
not seem quite able to meet, that is the simultaneous btdkage of ' 
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ps. Such an accident is unheard of, as each rope will hear the 
toad on the four with a factor of safety of about 14, but in 
if the Otis lifts even this contingency is provided for by a 
e safety device, which is intended to prevent excessive speed 
rf' ascent or descent. 

j^ possible that a person unaccustomed to the handling of the 
^t, with an excessive load, open the valve too far and allow 
(frid a descent. 

[lis "regulator" consists of a centrifugal governor, which is 
£d by a light endless wire-rope or belt attached to the cage, 
ipe above and below running over idle pulleys. This rope can 
pped and held fast by a clamp near the regulator ; the clamp 
s soon as a certain pre-arranged speed is exceeded. The rope 
held fast, is left behind by the cage in its descent, and a nut 
id on the rope strikes a lever, which in turn acts on the safety 
pausing the latter to grip, and slop the cage. 
ttie illustration (Fig. 166) the regulator b shown in the posi- 
WDuld assume on the speed exceeding the allowed limit. The 
or balls diverging, have actuated the sleeve lever and crank 
cause the rope to be caught just to the left of the upper guide 
■ The way in which the relative motion of the cage to the now 
iuy, or even slowly moving, rope, Js made use of to actuate 
iping wedge is readily seen from the figure, the Utile projecting 
ieen to the lefi, being fast on the common axle of ihc nearer 
gripping levers. Such an arrangement should be fixed to all 
^ng hoists and then an accident like that which we had lately 
idon would be impossible, U is likely, however, that direct- 
'lifts, now that their absolute safety is no longer certain, will 
used in future, a first class suspended lift possessing many 
Iges, Many suspended lifts of the cheaper kind are, however, 
Bgerous, and ought not to be used by passengers. 

Balanxing Arkangeme.vts. 

|t considerable portion of the load raised each upward journey 
yii load consisting of the weight of the cage and at least part 
Jam, it is evident that it would be a very wasteful method, 
each time as much energy from our pressure mains as 
CRise this load, without receiving any return. Hence some 
iof balancing becomes a necessity, by means of which the 
load may be eliminated from the bill of energy required. 
(e many methods of balancing, the simplest being by the use 



rweight, in other words dead weights are maile to balance 
Its, or the lift is made fairly bahnced when unloaded 
lirect-acting lift a counterweight 
rery easy to arrange. ^t\=~~~ 

OUNTER WEIGHT BALANCES. 

17 shows such a balance. There 
I fixed pulleys at the top instead of 
shown. If we inugine the cage and 
[h w lbs. — supposing the apparent 
he latter to be constant, which in 
len if our counterweight is u lbs 
le balance in the position shown, 
aiher positions the weight of the — ^ 
ling the counterweight to the cage 
ice discrepancies. In practice it is 

not to balance ail the dead weight, O / II ■^ 

words, to have the balance weight 
Muall so that the cage may readily 
when empty. The apparent « eight 
is flat, however, a constant thing 
as already been observed, and it 
lounteract this want of uniformity 
ly the varying balancing force due 
n. As the ram rises out of the 
weight to be balanced sticnases, 
i being the weight of the column 0/ 
\\ now occupies the place lately 
' the ram. Thus if the lam rises 
loiumn of water one foot long and 
diameteras the outside of the ram 
the cylinder. The weight ot this 
ye weight apparently added to tht 
t the same time our ram, in mov ing 
, moves the chain so that A (Fig 
tened one foot, whilst B is length 
Ot, the balancing effect being the 
ae chain had remained staliontr} 
et more of the same cliain had 
ed on at B. To have perfect balance, therefore, two 
D should weigh the same as the water column displaced 

£0. It is not difficult to construct such a chain 
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or rope. Suppose we take a 7-inch ram, die weight of 3 col 
water one foot long and 7 inches in diameter is "7854 >C j' X 11 X 
-036= 16*63 lbs., and out chain or ropemust weigh 8*31 Ihs. per foot. 

In the case of low-pressure lifts where the diameter of the ram 
is considerable, this matter of the varj-ing apparent weight of the nua 
must be attended to, but in high-pressure lite, especially suspended 
lifts, it is not of much importance, though usually given great promi- 
nence to in books. For instance, take our 5-inch ram, let it be 60 feet 
long, the extreme variation in weight is only 508" 8 lbs,, and if the 
weight of ram and cage is, say two tons, the variation is about one- 
eighth of the dead weight to be balanced — a not very serious ftaciion. 
If, however, a suspended lift be employed, the ram being vertical U 
in the direct lift, the length of ram necessary would probably not be 
more than one-sixth of the lift, and the variation of its appaml 
weight of very little consequence. In using counterweight balancfi 
it is best to have two balance weights and two ropes or chains so as 
to avoid overhead gear. 

One rather grave defect introduced by sucb balances is the pro- 
duction of tension in the upper part of the ram. The ram and C»ge 
seem to be pushed up from beneath, but as a matter of fact, the ram 
is pushed up from beneath by the water pressure, and pulled up at 
the top by the balance weight. The water pressure has only to 
overcome the net load, whilst the balance weight h.as to overcome 
the dead weights, much greater in amount. To cite one usual case, 
the ram is pushed up from beneath by a foice of half a ton and 
pulled up at the top by a force of a tons. It is evident there- 
fore, that the upper part of the ram, logetlier with the fasteningi 
joining the ram to the cage, are in tension, and that the neutral 
surface dividing the region of tension in the ram from that of com- 
pression, is continually altering down and up as the nus moves up 
and down. The lift is, therefore, really a suspended one with tension 
in theram, which is not so well calculated to bear tension as the wiie 
ropes of a suspended lift. Should the ram or fastenings fail, the cage 
will be pulled up by the balance weight, and a serious accident wiD 
ensue — such an accident has happened, and is referred to later on- 
The method of applying a balance weight adopted in the case 
Otis elevator, however, completely obviates this difficulty. 
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It is now almost the universal custom in the highest class of 
En^ish lifts — especially if served from high-pressure street t 




o have hydraulic babnces. Most of those in use are due to Mr. 
SlUngton. The simplest is the dead-weight hydraulic balance shown 
n Fig, t68. It consists of a wide cylinder B with a piston A and a 
fery lai^e piston rod bearing cylindric weights W. The pressure 
»aier from the mains enters, at P, the annular space above A and 
iresses A downwards, the water below A being forced out at Q into 
he lift cylinder. In fact A in its doM-nward stroke displaces as much 
rater as fills the lift cylinder, which on the fall of the lift is forced 
lack again under .\. It is evident that the arrangement acts as a 
' diminisher " (a reversed intensifier), for, neglecting friction, the 
aessure per square inch below A, 
nultiplied by the full area of A, is 
qual to the intensity of pressure 
ibove A multiplied by the annular 
irea of the upper side of A. In other 
words, if the- pressure from the mains 
s, say, 1 1 20 lbs. per square inch, and 
he annular area half the full area of 
\, the pressure in the lift cylinder nill 
3e about half 1120 or 560 lbs. [wr 
tq. inch. This is a great advantage 
when using high-pressure water, as. the 
ram can now be made of sufficient 
diameter to give the requisite stiffness. 

As the Uft descends A and W are 
raised, the water above A passing 
out to the exhaust (not shown) ; and 
when the starting valve is opened — 
the esbaust being closed — the balance 
piston and weight fall, raising the lift, j,j , ^^^^ 

ram and cage. 

The annular area above A is calculated so that the high-pressure 
water acting on it will about raise the net load in tbe cage, the weight 
W and piston nearly balancing the weight of the Uft-rara and cage. 
Hence (approximately) energy equivalent only to the raising of the 
iii-t load is required each journey, whereas, if no balance were used 
the full amount of gross load would have to be raised by the water 
from the pressure mains. The second useful function of acting as a 
diminisher is also fulfilled, and the head of water over A increasing 
slightly as A falls or the lift rises gives a slight increase of pressure ; 
but not usually enough to balance completely the increase of apparent 
weight of the lift ram. It will be seen that A is packed by " cup'" 
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leathers, and whilst this gives rise to only a small amount of friciion. ^ 
it has the practical disadvantage of all internal packings, requiring liie 
removal of the balance weights and piston before the ]iacking cao bt 
renewed. 

For this reason balances with external \aik- 
ings are generally preferred. The piston-rod 
packing is not sho^'n, but may be either of ih: 
well-known gland and stuffing-box kind, or Ifathen 
may be used. 

Movable CvtisnER Balances. 

The balance shown in Fig. 169 is also ofon 
used with high-pressure supply. Ii (consists of i 
cylinder F, divided into two parts, and mov^le 
vertically on two hollow rams P and Q- Heaij 
weights (not shown) are hung from F. Thesnpiil; 
enters by Q, and P leads to the lift cylinder. Tht 
water in the lower part of F does not pass a«ij 
to exhaust, but a portion of it simply moves back- 
wards and forwards to and from the lift cylinder 
as the cage ascends and descends, sufficient high- 
pressure water entering at Q to supply the Ao 
ficiency that would otherwise be left in the uppfl 
part of F each downward journey which it makes, 
i.e. on each upward journey of the lift. On thf 
downward journey of the lift K moves up, and the 
surplus water in the upper port passes off to ex- 
haust. It will be seen that the arrangement acu 
as a diminisher; for if the internal cross-section of 
Q be i7 square inches, thiU at P being A squart 
inches, the pressure of w.iler in Q = ? lbs. pet 
square inch, that in P, /lbs. per square inch, then. 

neglecting friction, tf X ? = A X /, or / = 7 f 

the lift supply being equal to the hi^-presairc 
F'E- i^ supply multiplied by the ratio of the smaller ai« 

to the greater. 

This balance has the great practical advantage of being packeil 
with external packings, which, as will be seen from the figure, are of the 
usual gland and stuffing-box order. Thus the packings of the balance 
cylinder can be renewed without the necessity for removii^ 
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eigbts or withdrawing a ram, and hence the lift will only be out of 
se from this cause for a very short time, or the packing can be done 
fter business hours. 





lift 



ley 

Cinder 



Fig. 17a 



K form of balance very similar in principle to the above, but 
*hieh is more in favour with the best makers, is shown in Fig. 170, 
*here, as before, there is a movable cylinder with balance weights 
"Cached to it, moving on two fixed hollow rams. In this case, how- 

Q 3 
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ever, the lower lam embraces the cylinder, instead of entering it, « 
in the last case. The figure shows clearly the construction and acticn 
of the balance, and it will be seen that the [aci- 
ings are external, as before. This is the f(»m 
of balance usually employed with high-class lifts 
like the " Reliance " lift, already described. In 
none of these is any attempt made to balance 
completely the varying weight of the ram d« 
to varying immersion, though the varying head 
of water in the balance cylinder, as has alreadj 
been pointed out, effects a small change of 
pressure tending in the right direction. 

In the form of balance shown in Fig. 171, 
this varying apparent weight is balanced com- 
pletely. The lift cylinder is in communicatioa, 
by the pipe H, with the balance cylinder M, 
below which is a wider cyhnder N, There ii 
a piston to each, the two pistons being con- 
nected by a common rod D. The capacity of 
the annular space E E, below the upper piston, 
is, when that piston is at the top of its stroke, 
equal to the displacement of the lift ram. The 
annular area L of the lower piston, round D, is 
sufficient, when subjected to the working pres- 
sure, to lift the net load and overcome friction; 
whilst thu full area of the upper piston G is 
calculated, wlieii subjected to the same pressure, 
to balance approximately the weight of the ca^ 

Suppose the lift ram to be at the bottom 
of its stroke : then, when the starting vahe is 
oi)enL(l by the attttulant in the lift pulling tlie 
haiid-ropc, pressure Hater is admitted to the wo 
1 yjinders at It aiid K. The pressure on lliet»'0 
pistons G and I, causes them to descend, foicing 
water from E K to the lift cylinder throufc* H. 
The lift rata ascends, and in doing so g<c 
bcaiitr. but the two balance pistons are descei»J- 
ini;. and the weij;ht of water over each increas- 
ing, so that the pressure through H is increasing 
just in the right pro[X)rtion if all the areas and 
sizes have been proi>crly calculated. \Vhen it' 
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chausl IS opened, the water from C C only passes away, the weight 
f the ram and Ciige forcing the water from the hft cylinder back into 
'. E. To make good leakage, the pressure water can be admitted by 
■ under the lower piston, thus raising it. The lift ram being at the 
■ottom of its stroke, water will flow past the leathers into the annular 
pace and supply the deficiency. 

In usual working the pipe F Is left Opert to the atmosphere. By 
losing it, however, a partial vacuum may be formed under L, which 
oay be utilised on the next ascent of the lift to assist in raising the 
Dad, supposing thai load to be a little in excess of the normal amount 
br which the lift is designed. If the lift is used for lowering goods 
Hily, this vacuum may be utilised, in some cases, to raise the empty 
age without the t-Kpenditure of any supply water at ail, though this 
B very seldom done, as it is not often that the packjngs are sutE- 
aently air-tight for this purpose. 

It will be seen that this balance, unlike the others, acts as an 
'miauifiitr; for, supposing the supply to act only on G, the pressure 
it the lift cylinder acting at E E, or on the annular area of G, must 
)e greater than the supply, to say nothing of the pressure on L. 
Hence this form of balance is usually employed with lifts worked by 
a iow^nssttie supply, and when direct-acting lifts are employed, as 
in that case only is it necessary to take the varying weight of the lift 
tarn into account. 

The balance, as will be seen, is furnished with intemeU payings, 
and is somewhat complicated ; hence it is not so much used as some of 
the others describctl, though many writers refer to it as if it were the 
only form of hydraulic balance worthy of notice. 

Valves for Lifts. 

TTie principal or controlling valve, by which the lift is raised and 
lowered at pleasure, is usually a slide valve ; this form of valve giving 
only a gradual opening or closing, and hence avoiding shock, relief 
valves being rarely necessary for high-pressure work. 

The form of valve used by some makers is shown in Fig. 173, 
where .\ is the valve worked by a rack on its upper side, engaging a 
pinion P. which is fast on the axle of the rojie-wheel H. An endless 
rope engages H, and one portion of it passes up through the cage. 
When H is turned by the attendant pulling this rope, the slide 
A is moved as required. In the position shown in the figure, 
the lift branch pipe I, is in communication with the exhaust E, 
and hence lowering takes place. When the slide is moved over to 
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the right, the supply S and lift L communicate, exhaust bdi$ 
closed, and hence the lift rises. When the slide is moved ova till 
B covers the port above L, the lift is stationary, as water caniwi 
enter nor leave L. 
Another advantage of 
using a slide viheis 
that it may be Cffllr 
partially opened, tims 
checking the motioned 
the lift and prevait- 
ing too rapid descoL 
The slide A is uaiaBr 
of gun metal,andwoib '■ 
on a gun-metal scaL 
Means are provided f« 
closing the valve Mto- 
marically when iheage 
reaches the proper posidoo; 
thus, should the attendant n^ 
lect his duty, over-travel is pre- 
vented. 

In low-pressure lifts an air- 
cliamber is usually inserted be- 
tween the supply and the stan- 
ing valve, to guard again*' 
shocks. 

Another form of slide valve, 
more in favour with the bd 
makt.Ts, is shown in Fig. IJJ- 
It will he seen that this is M 
equilibrium valve of the pist* 
tyjie, and the figure sho« 
ck-arly lioth the construcdon « 
the valve and the way in '^'^ 
it is moved. In the positiw 
shown the lift is stationary. ^ 
the valve is moved downsiids. 
communication is opened be- 
tween the lift cyUnder and ex- 
haust; if moved upwards, pres- 
lupply has access to the 
lift. 



Accidents to Lifts. 

Telescopic Lifts. 

These lifts are intended to obviate the difficulty of sinking a deep 
»ore hole for a direct-acting lift, and yet not have a suspended cage. 
rhey were more noticed some years ago, before suspended lifts came 
mto repute^ than at present. The ram is made telescopic. At the 
tiottom of each length a projection engages the next length of ram, 
■rithin which it works, pulling it up, and it in turn pulls up the nest, 
and so on. This catching of each length at a particular point in the 
stroke causes an unpleasant jerk, and the number of packing glands 
greatly increases the friction. Hence these lifts are not much in favour. 
Richmond's method of causing all the rams to advance together, the 
pressure water being allowed to pass, by a special passage, from the 
inside of one ram to the base of that working within it, is very 
ingenious, and prevents the jerky motion already referred to. The 
telescopic lift has too many internal packings. 

Rack lifts have also been used, the pressure water being used to 
drive a small motor, which actuates a pinion working into a rack 
supporting the cage of the lift. These lifts have not, however, come 
into general use. 

^Rt has been shown that a really good lift, constructed on proper 
principles by a firm of repute, is as safe as any other means of loco- 
motion in common use. In fact, there are makers of first class lifts 
who have supplied thousands of them, and who can boast after many 
years' e!(]>erience that n<i aceideni of a severe or fatal nature has ever 
happened through using one of their lifts. But lift accidents rfii occur, 
and mention may be made of one or two notable instances which 
seem to serve as warnings to owners and users of lifts. 

An accident happened some years ago to a lift in the Grand 
Hotel, Paris, where the connection between the cage and the ram gave 
way, and the cage was dragged upwards by the heavy counterweight 
balance, causing the death of several people, not by the a^e falling, 
as timid people usually dread, hut by its being dashed against the top 
of the lift well-hole. This accident shows the one defect of a balance 
of this kind, but it is quite possible by good workmanship and carefiil 
design to render such an accident well-nigh impossible, even with 
such a balance. It will be noticed that this accident happened to a 
direet-aeting lift. 

Another sad accident of recent date is of special importance to J 
users and repairers of bfts. 
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On the asth of February, 1S95, Mr. T. C. Read, the assisum 
chief surveyor at Lloyd's Ri^stry, was killed by the falling of a lifi 
at the offices of the Registry, White Lion Court, London. The lift 
was a direct-acting one of 45 feet stroke, with a hydraulic dead- 
weight balance, similar to that shown in Fig. 168. A by-pass pipe 
was provided by which the pressure water could pass direct froDi the 
mains (of the London Hydraulic Power Company) to the lift, when, 
as on the fatal occasion referred to, the balance required re-packing. 
As it turned out, it is a pity that this pipe was ever put in, as, had n 
not been provided, the lift must have remained idle whilst repairs 
were in progress. On the date referred to, the packing of the 
hydrauUc balance were being renewed, and the men were acruatl) 
engaged on the work whilst the lift was working with water dired 
from the mains. Mr. Read had entered the lift, which ascended us 
far as the first floor, when the pipe joining the starting valve to d» 
hydraulic balance suddenly broke, the water escaped rapidly, and fe 
lift fell, Mr. Read being killed. 

The piping had been tested to 2500 lbs. per square inch intanal 
fluid pressure, whilst the pressure on this occasion was only 700 !!» 
per square inch. It is believed that the pipe had been subjected to 
some kind of transverse stress, probably by allowing a weight to fall 
upon it, and the sudden shock of a passenger closing the valw 
quickly, produced the fracture. The lessons of this accident are, 
firsty avoid balances with internal packings, as the removal of the 
balance weights in this case may have had something to do with die 
accident, or, at any rate, with a packing of the external kind, renewal 
would have been the work of a few minutes only, and would probably 
have been undertaken at a time when the lift was not required; 
second, don't allow the lift to be used at aU when undergoing repairs; 
third, have a lift with proper safety gear, and preferably a suspended 
lift ; and fourth, don't allow [xissengers to work the lift themselves, 
but have an attendant, who will carefully move the valves, and save 
his wages by the longer life of the lift. If this is absolutely impossible, 
have starting valves and relief valves or air-chambers of a peculiar 
kind on the lift, wjiich will make it impossilile to produce shocks by 
sudden stoppage of the water moving under high pressure. 

People sometimes fall down the lift well on account of a door not 
having been properly fastened. This can hardly be properly termed 
a lift accident. Usually the doors of lifts are fastened from the 
inside, and can be opened and closed only by some one in the lift. 
Devices for automatically closing and opening the doors by the 
motion of the lift have been arranged, one recent form of wlu^MjBl 
now be referred to. 



Automatic Hoist Gate. 



Automatic Gate kor Lifts. 

I prevent the kind of accident referred lo, the wells of lifts 
are not in charge of an attendant should be fitted with auto- 
illy dosing doors. There are many of these, but that of 
jhn Botterill of Leeds, shown in Figs. 174 and 175, is one of 
3St recent and successful. The doors of the lift well are closed 
pened by the motion of the lift. 
will be seen from the illustrations, a curved plate or cam of 




t iron, shai>ud soiiiewliat like a carriage spring with exa^e- 
curvature, is attached to the side of the lift cage. To the 
ig of the lift well-hole, or to the slides which guide the cage, 
:tached, about 3 feet above each floor, a pair of cross-bars or 
on which runs a little carriage with four wheels or rollers, 
g two on each rail. To the back of the carriage, or side nearest 
\, is attached a bowl-shaped piece of iron, whilst on the nearer 
:er side there is a small chain pulley. One end of a chain is 
[cd to the lift framing, the chain is passed round the pulley just 
oned, over another pulley on the framing, then over two pulleys 
ed to the ceiling, and from thence to the lift gale.'i 



234 



Hydraulic Machitury. 



Fig, 174 shows tht lift descending, the curved cam on il josl 
coming into contact with tlie ItOHt on the inside of the c^irriage. As 
the lift descends the carriage is pushed backwards by the cam, the 
chain is pulled in and the g:ite is fully opened at the instant when cbc 
carriage reaches such a point of its path that the floor of the lift it 
level with that of the building, as shown in Fig. 175. 

On the further descent of the lift, the weight of the gate causes it 
to close as the carriage follows the upper portion of the cam. Thii 
action is repeated at every floor of the building. 

It should be noticed that the gale does not begin to open till the 
lift has half filled the dooni-ay ; further, that the motion of the gale is 
twice as fast as that of the lift, and couhl he made even faster by ibe 
use of more multiplying pulleys ; hut it must be pointed out that ibc 
introduclion of further pulleys 10 secure quicker ojtening and closing 
would, other things being equal, necessarily increase the force requited 
to move the apparatus. 

The gate is suffiiiently high to prevent anyone from (ailing ova 
it, and it cannot be moved by anyone in die lift. It closes without 
shock, and requires no floor space, with little danger of anyone 
being caught between it and the lift. These are matters which seem 
to render the arrangement a good one. 

Part of the weight of the gate can be counterbalanced, and thus 
little additional force is required to work the lift. 

The opening arrangements here shown at the side of the lift cm 
readily be placed at the back, so as to be quite out of the way, « 
the reach of any mischievous person ; or they can be conipletel)' 
covered over, as indicated in Fig. 175." 

Efficienct of Hydraulic Lifts. 
The efficiency should always be calculated for a complete tyde 



or journey. It i; 



vidently - 



W X H 



I where W is the 1 



'■3 -X-P 

raised through the lift H feel, w being the net weight of pressuir 
water used, and / the intensity of the pressure in lbs. per square inch, 
W and w being in lbs. Direct-acting lifts nith good balantang 
arrangements may give 90 per cent., and susjiended lifts from 70 to 
85 per cent, efficiency. Direct-acting lifts without counterbalances 
have a low efficiency. For instance, one with a 5-inch ram, uaog 
water at 150 lbs. per square inch, and raising a net load of half a ton, 
gives, by the above rule, about 30 per cent, efficiency. The rule i» 
' ' o applicable to hydraulic cranes. 

Sec Append ill. 
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LIFTS FOR VEHICLES. 

Hydraulic Wagon Lifts. 

These lifts usually present few features requiring special notice. 
L simple form of the lift is shown in Fig. 176, where the platform 




bearing the wagon is attached directly to the top of the ram, the 
dead weight of tlie lift being balanced by a counter-weight as 



The form adopted at the Somers Town (London) goods station 
of the Midland Railway is of a somewhat novel character. It is 



J 
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shown diagrammatically in Fig. 177, where the upper trianj 
portion of the figure represents the lift, which is supported by 
nms, each working in its ow-n cylinder, the centra] one B being 
largest Ram A is always connected to pressure, and siin| 
balances the weight of the lift itself. Ram C is used to hft loads 





l-'ig- 177- 



5 tons or under, B being then in commimication with a return 
tank, which is at a higher level than the lift, to kee' 
always fiiU of water. WTien a load of over g tons is 1 
the water which is under C is forced back into die pi 
Thus when, as at Somers Town, the lift is used most 
lower full wagons and lift empty ones, no pressure ' 



Glasgow Harbour Tunnel Lifts. z^-j 

Sd. If the descending load is less than j tons, C must 
^ with the return water lank, and in this case pressure 
. Ram B alone, if under pressure, raises loads up to 
must always discharge its iraier into the tank. Rams B 
iCT lift, under pressure, jo tons. Thus interesting com- 
by this system, with a considerable saving of 



on a simitar principle are used at some of the stations 
ay, a truck being elevated and " tipped " by the action 
similar to those descrilied. 

Lifts of the Glasgow Harbour Tunnel. 

Eis, constructed by the Otis Elevator Co., Limited, and 
U-teown principle, are worked from a complete high- 
raulic installation, the maximum load being 6 tons and 
There are six elevators or lifts, three for raising and 
Iming vehicles for each of the two traffic tunnels, there 
Biate tunnel for jjassengers. The lowering lifts can also 
^raising loads if required. 

feting cylinders are 13 inches in diameter with a minimum 
I ai inches of cast iron, and have been tested to 1 800 lbs. 
Wh. The lowering cylinders are 1 ij inches in diameter 
|Iar construction. The stroke of the working rams or 
be-sixtb of the lift, the magnifying gear consisting of three 
BVes mounted in a travelling frame, as shown in Fig. 17S. 
fnd counterbalance sheaves are placed overhead as shown 
Jstion, and beneath the travelling sheaves balance weights 
led by steel rods ; the travelling sheave frames having also 
K iron bolted to them, thus bringing the total balance 
ip 16,000 lbs. to partially balance the dead weight of the 
^le main suspending rope is § inch in diameter, consisting 
ds each of 18 steel wires, the strands being wound on a 
Each lope is tested up to a load of 24 Ions, and there 
pes to each lift attached to clevises and adjustment rods, 
Hcrew is attache<l to opposite ends of a double-fulcrumcd 
ft acts on the safety-grijis sliould a rope break, 
mfety-grips have teeth which engage the pitch-pine guides 
le guides being 5{ inches wide and the gripping teeth only 
ide whea in action. Tliey are drawn into action, if the 
■nes excessive, by a governor placed on the overhead 



I 
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Fig. 179 shows the grips in their usual position, whilst Fig. 180 
shows them in action. These have been subjected to the severe 



test of a load of 31,851 lbs., which after a free fall of 13I inches 

was arrested by them in a total drop of the car of a feet 10 inches, 

the average resisting force of 



' t i'kf 




June 1895, from which . 
editors, reproduced. 



each safety grip being a5,4is 
lbs. 

The main valve worb 00 
the differential principle, the 
pressure acting constantly <» 
its lower area which is half 
the upper area. When the 
top is open to exhaust, the 
valve rises ; when the top is pul 
under the pressure it falJs.these 
operations being controlled bf 
a pilot valve. An auloiialK 
balanced lever anangemeni is 
provided to stop the car when 

'_ \ it has reached the end of its 
journey, as shown in Fig. 181 i 
ihe stop-motion lever actii^ 
o\\ the pilot valve, and if th>t 
fails to respond, on the nBi" 
valve, moving the lattCT into 
the position required to bring 
ilie car to rest. 

For details of die lifts iht 
reader is referred to issno 
of ' Engineering ' for May aw 

illustrations are, by courtesy erf ih^ 
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HYDRAULIC CANAL LIFTS. AND GRAVING 
DOCKS. 

In Fig. 182 is shown probably the most interesting canal lift in this 
counin-. It is the lift of Messrs, Clark and Standficlcl, erected 
imder the superintendence of Mr. Leader Williams, at Anderton, 
on the river Weaver, in Cheshire. The canal is 50 feel above the 
river, and the lift is constructed to raise boats from the river to the 
canal, and lower boats from the canal to the river— in fact, both 
operations are performed at the same time. There are two great 
wroughl-iron tanks, each 75 feet long and 15^ feet wide, each carried 
on the top of a ram 3 feet in diameter, which can rise and fall in a 
hydraulic press, as shown by the righl-hand figure, which is a cross- 
section. It is needless to say that the girder work necessary to carry 
this immense trough, and its load of water and boat, must be very 
strong and well designed. Each ram has to bear a load of 240 tons, 
giving a pressure of about a quarter of a ton per square inch in the 
press. Each end of a trough is furnished with a gate. \\'hen a 
trough is op. one gate is opened and the trough forms part of the 
aqueduct or canal, a barge floats inio it, and the gate is closed. The 
trough is lowered, and when it reaches the lower level the other gate 
is opened and the trough forms part of the river. The full details J 
of bow the great presses are sunk into the ground, how a tunnel has J 
been constructed to enable the packing-leathers to be examined, and 
how the columns acting as guides to the troughs are stayed and 
supported, may be read in Mr. Duel's paper in the ' Proceedings of 
the Institution of Civil Engineers,' vol. \lv. The reader will 
ttiat, in a case of this kind, the total weight lo be lifted depends only ■ 
on the height of the water in the trough. Suppose we put a boat J 
into any vessel containing enough water to float it, then if we take 1 
out this boat and put in another, whether of the same or a different J 
weight, if sufficient water be added or taken away to bring the level 1 
to what it was before, the total weight of boat and water is the same, I 
This follows from the well-knowTi fact in hydrostatics that a floatiiigJ 
body displaces its own weight of the fluid in which it floats; hence, !£■ 
a heavier boat be put in it displaces more water, the excess beiogl 
just equal to the excess of weight of the new boat over the old. ID'I 
fact, if the level of the water be kept constant, the total weight is the! 
same whether there be any boat in it or not. This suggested to the! 
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gners an ingenious method of supplying pari of the energy 
lired to raise the lift. 

It wiU be seen from the section that one trough A rises, whilst 
other B falls, there being a means of communication between the 
presses. Suppose A to be up and forming part of the canal, li 
ig down. It is of no consequence whether each contains a boat or 
Supjiose there is 5 feel of water in A, and only 4 feet 6 inches of 
er in B, it is evident that the heavier weight A will fall, and the 
ter B rise; the ram under A forcing its water into the press 
,er B since the pressure on the former is the greater. B will go 
rising till the increased weight of its ram as it emerges from the 
55, together with the diminished weight of A's ram owing to greater 
nersion, balance the extra load A. In the actual case at Andertoo, 
ml eleven-twelfths of the work required to perform one lift is 
ained by having the level of water 6 inches less in the ascending 
igh than in the descending one; the remaining one-twelfth is 
ained from the accumulator, part of which will be seen in both 

The accumulator has a stroke of 13 feet 6 inches, with a ram 
K)t 9 inches in diameter. The engine and accumulator alone are 
able of lifring one trough and its load, which may either be two 
ill barges of 40 tons or one large one of 100 tons. The depth of 
er in the troughs is regulated by siphons, there being twelve to 
h trough, which reduce the level of water in the ascending trough 
I feet 6 inches and keep the water level, and hence the load to be 
d, always of the proper amount, whatever the weight of the boat 
' be. The gates at the ends of the troughs are lifting gates, 
'ing into posirion near similar gates in the canal and river. The 
;s are easily moved when the water is allowed to pass through a 
'e into the space between the two gates, i,e, the gate closing the 
educt and that closing the end of the trough fitting it. 
The lift is capable of taking eight barges up and eight down per 
r, and it can raise one load in three minutes. If this were done 
ocks it would take about one and a half hour per barge, using, of 
rse a large amount of water. The lifting of one trough separately 
the engine and accumulator alone takes about half an hour, 
hout the aid of the accumulator the 6 inches of extra depth of 
er in the descending trough will lift the load within 4 or 5 feet 
:he top. The waste in the operation — for it must not be sup- 
ed that there is no waste, altliough the ascenduig and descending 
ghts may be equal — is, first, 6 inches of water over the area of 

trough falling 50 feet = 1,800,000 foot-lbs. of energy. Second, 
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the accumulator raises one trough through, say, the last 4 feet 6ti 
of its lift = 140 tons raised through 4^ feet, equivalent to irfiQ-lM 
foot-lbs. The total waste in one oiieratioti is therefore 4,ii9,J0» 
foot-lbs. If the same operation were performed by locks noder 
favourable circumstances, they would require 14J feet deplb of ma 
of the area of one lock, falling 50 feet, equalling an expenddmerf 
51,500,000 foot-lbs. of enei^, about twelve times that required fif 
the hydraulic lifts. Probably, however, the saving in time is tht 
most important item, if the canal has a plentiful supply of rater. 

The designer has stated that if he were designing another aotilii 
lift he would use only one ram and trough, Hith an engine and lujt 
accumulator, performing the operation directly, thus greatly redvdi^ 
the first cost. It will be seen that in the double artangioni 
trough in its turn acts as accumulator to the other. 



Canal Lift at Les Fontwettes. 



-Urs. w» 



A somewhat similar lift has been erected at Les Fontincttcs, 
St. Omer, in France, by the same firm, to replace a flight of fi« 
locks, with a total fall of 43 feet. -\ general view of the lift b sbonL 
in Fig, i83.* The troughs are about twice as long as the last, and 
of a greater depth, each supporting ram being 6 feel 6 inches ■ 
diameter. There are compensating reservoirs provided, from one o( 
which water flows to the descending trough, thus increasing its might 
just by the amount required to balance the dtmmutiQtt in appatent 
weight of its ram owing to increasing immersion in the press. 

In the illustration the further trough is shown at the tO]^ 
forming virtually a part of the high-level canal; the nearer trough 
is at the bottom, and forms part of the lower reach of canal. Tfee 
gates of both troughs are lifted, a barge having just left the lower. 
and another just entered the upper trough. \Vhen a baige is in 
position the gates art lowered, and each trough becomes an tsolaied 
tank. The excess weight required in a descending trough is suppGed 
by stopping the rising pontoon a little before it arrives at the levd of 
the canal, so that when the gates are opened it receives aboot 
16 inches more than the normal depth of water. This excess is nttt 
off when the pontoon reaches the lower level by stopping it a liltlff 
too soon, and when the gates are opened the extra water flows away. 
As it is impossible to stop the pontoons exactly at the proper place, 
and also to make good leakage, as weU as to open and close the 
gates, a small accumulator is provided. 

• From lie ' Engineer ' of F 
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The gales are iiiaile watertight by filling the space between the 
pontoon and the aqueduct with an indianihber hose, which can be 
inflated with air to a pressure of 22 lbs. per square inch. This joint 
is made tight after the trough reaches its position. Central guidK 
are employed to cause a vertical motion of the troughs. 

There is a further improvement : the descending trough does n« 
descend into water — which made the trough get light too soon al 
Anderton — but into a dry chamber, and only becomes a portion of 
the canal when the gates axe opened. Thus the falling of one trough 
can lift the other the whole way except for friction and leakige, 
which are provided for by the accumulator. Although the troi^hs 
have more than twice the capacity of those at Anderton, a singlt 
operation causes a loss of only ao tons of water from the higher to 
the lower level, equivalent to about 2,000,000 ft.-lbs. of energj-. 

La LouviERE Lift. 

It is not necessary to refer in detail to other lifts of a similar 
class. The lifts by the same firm, designed to coimect the Mom 
and Cond^ canal with a branch of the Charleroi and Brussels Canal 

in Belgium, are among the most famous. 

The work involved first of all the construction of 9^ miles of 
branch canal to connect the two main canals, the difference of level 
■ of which is no less than 293 feet 6 inches, with very tittle water 
available. The barges navigating the canals are laS feet long and 
require 8 feet of water, so that the waste by locks would be veiy 
great The pbn finally adopted was to overcome part (76 feet) of 
this difference of level by six locks, with four canal lifts each of 
about 50 feet stroke, and resembling, in general features, the Anderton 
or Fontinettes lifts, to deal with the remaining levels. 

Owing to the failure of one of the cast-iron presses at AndeitOfl 
the presses of these lifts are completely surrounded by steel hoops 
shrunk on very tightly, with a circular supply pipe from which the 
pressure water enters each press by smaller radiating pipes. 

Clark and Standfield's Ram-balancing Arrangements. 

One of [he methods adopted by this firm for balancing the change 
due to the varying displacement of the rams, where the falling of an 
accumulator ram causes the rise of another ram, has already been 
noticed. But they have adopted other very ingenious methods. 
Thus, in one case, a ram rises vertically above the accumulator. 
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passing watertight into a tank of water. The part of it in the tank 
is always covered with water, and, as the accumulator descends, its 
increased weight compensates for the displacement effects of all the 
other rams in the system requiring balancing. Another method they 
have adopted is to have a tank of water as part of the load of the 
accumulator, the water-level in it being kept the same as that of a 
neighbouring fixed tank by means of siphons, so that the load on the 
accumulator increases as it falls, thus balancing the diminution of 
weight of its ram. By properly varying the shai>e of this tank they 
can get, within limits, any required variation in the pressure of the 
water supplied. 

This is a very ingenious method of balancing, though for many 
operations this and kindred methods are not so much considered as 
* formerly. 

Hydraulic Graving Docks. 

By the aid of hydraulic power the old and tedious method of 
docking a ship for repairs may be superseded by a method both 
rapid and comparatively inexpensive. Instead of floating the ship 
into a reservoir which must be pumped dry, the ship is lifted out of 
water by hydraulic presses, acting on a grid and pontoon, over which 
the ship had previously been placed. Less time is thus required for 
the operation, and a smaller capital outlay than would be necessary 
for an ordinary dock of the same capacity. 

The largest dock of this kind in existence is that dedgned by the 
late Mr. Edwin Clark and erected by his firm at Bombay. The 
length of the dock is 400 feet, clear width 88 feet, and it will lift 
vessels up to 6500 tons, drawing 30 feet of water. It consists of two 
parallel rows of cylindrical cast-iron columns, shown in Fig. 184, 
eighteen columns to each row. their distance apart gradually in- 
creasing from 18 feet at the middle to 24 feet at the ends. The 
clear distance between the rows is 88 feet. Each of the columns is 
7 feet 6 inches in diameter at its base, and 6 feet 6 inches at the top ; 
some of them are 109 feet long, their lops only api>earing above 
high water. They are firmly fixed to the rock, and in cement 
concrete. In each column are enclosed two hydraulic presses which 
rest on the rock, having solid rams 14 inches in diameter and 35 
feet stroke ; these rams support a cross-head working in slots in the 
top part of the column (see Fig. 185), The column therefore sup- 
ports none of the weight of the ship, which is;ljome by the rams. 
From the ends of each cross-head are suspended two rods, one on 
each side of the column, and to the lower extremities of the cor- 
responding rods of two opposite colunms are attached lattice girders. 
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the rams of two columns support two girders. The girders 
fevt 8 inches <lee]», and there is no longitudinal connection 
I them. They form what may he called the " grid." The 
each row of columns ate connected hy t"0 girders 3 feet 
s dec]), on these run four 35-ton travelling cranes for raising 
IS, &c, for repair. There is also a gangway two feet above 
Iter for workmen and seamen. Extra columns are provided 
end of tlie lift furnished with bollards or capstans for 
I rifsscls from. 




Fib- 1S5. 

ontoon or great iron raft consists of a framework of cross 
livided into thirty-six water-tight compartments, in the 
'each of which is a valve. The pontoon wdghs 1610 tons ; 
% long, 85 feel broad. 9 feet 6 inches deep at the outside ; 
fiidci which is not covered in, slopes gradually towards the 
c the depth is 6 feci 6 inches. This jwntoon, when rom- 
qiticd of water, can support 6500 tons, and it is lilted with 
, duircs and the most approved appliances for cradling 
le vahrc-house is on the pier-head \ it contains three small 
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wheel valvesy eadi of which ocmtnris one of the dnee gioap5 into 
whidi the presses are divided. Lifting power cut tfaos be applied at 
either end or at the side of the pootooo as required. There is aho 
a means provided, in the vahre-honsey for cottiiig off the actim of 
the presses in any pair of opposite cofamuiSy so that if one^ or even 
three or four presses fail, the operatioD inaj cootiiiiie;. 

The method of docking a vessd is as follows : — The pontoon ii 
placed in position on the grid and sank to the required depdi bf 
admitting water by the valves already noticed. The diip is dxB 
floated into position over the pontoon and moored. The presses aie 
now set to work, and direcdy the vessel rests on the ked-blocks on 
the rising pontoon the various sliding blocks and dioriiiig appliances 
are adjusted, and the vessel and pontoon are raised out of the waten 
The water is now run out of the pontoon and the valves in die 
bottom closed. The grid is lowered, and the pontoon, being now 
buoyant, is left floating with the ship on it, and can be towed to any 
required spot for the repair or examination of die latter. 

It should be mentioned that the valves referred to are opened 
and closed by hydraulic power. 

Several pcmtoons may be employed, and hence one lift may dock 
several ships. 

In the hydraulic graving dock at Victoria Docks, London — the 
first of the series of similar docks constructed by Mr. Clark — the ship 
is raised by a grid similar to that employed at Bombay, but here 
eight ix)ntoons are provided. The dock is 310 feet long, 62 feet 
wide, and cajxible of raising a ship of 3000 tons with a dranght of 
18 feet at ordinary high water. Recently a large pontoon has been 
built, with high sides and a gate at one end. This is lowered under 
water by the lift, and the ship is floated in. The power of the lift is 
sufficient to raise the sides of the pontoon out of the water, when, 
the gate being closed, the water is removed and the bottom of the 
ship exjx^sed. In this way the power of the dock may be increased 
to 4000 tons. The presses are arranged in three groups as before, 
to guard against tilting, which would ensue if all the presses were 
actuated from one supply and one part of the ship happened to be 
heavier than another. There are also a few guide-columns provided 
for the grid to slide against in its ascent or descent The details 
arc very similar to those of the Bombay Dock. 

At Malta and elsewhere docks of a similar class have also been 
provided. 
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XXIII. 

HYDRAULIC ENGINES. 

Il most hyiiraulic engines a reciprocating motion is produced by the 
aion of the working fluid, water, on a piston, and this k afterwards 
inverted into a rotary motion by a crank, as in the steam engine; 
b &ct, many hydraulic engines are simply modified steam engines. 

The Brotherhood Hydraulic Engine. 

One of the most successful of the hydraulic engines in use in this 
inliy is the three-cylinder engine of Mr. Brotherhood, which is 




well represented in Fig. 186, which is a perspective sectional view, 
and in Fig. 187, which shows a section through the central lines of the 
cylinders. 

Three trunk pistons P P P, working in cylinders A A A, open at 
their inner ends, are connected to one crank-pin R. The pistons are 
pushed forward towards the central chamber by the pressure water 



250 Hydraulic MacHnery. 

which is admitted to each in turn by a passage V, leading from the 
rotary valve seen to the right in Fig. 186, and exhausted bythe same 
passage when an opening in the valve allows communicalion with 
the exhaust. The engine is single-acting. 

The method of packing the piston by U leathers is shown in Ite 





Fig. 187. 

upjwr piston in Fig. 187, and a newer method by cup leathers in 
Fig. 193, this method allowing easier adjustment and renewal of 
leathers. A separate section through the valve and seat and a vie* of 
the face of the valve are shown in 
Fig. 188, where A is the seat niih 
])assage V, the section of which is 
shown as an opening V in the bsi 
figure. The darkly coloured portion 
C is the valve which is rotated from 
ilie shaft S, the square end of which 
fits into the square hole in the valve. 
This shaft is driven from the main 
< rank by the pin K ; as shown the 
[jassage V is open to exhausL The 
sjace BB is connected to supply 
which finds its tt'ay through the open- 
ings provided in C, and through one 
of ilie segmental openings seen in 
the valve-face to the cj'linder wJien tliat opening at the proper time 
comes over a port. The valve is of phosphor bronze and revolvti 
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D the valvf-chest which is bolted to A. Tliere being no dead centre ' 
c cngmr will sun in aiiy position, the arrangement being equivalent , 
''inrc rranks at 120' 10 each other. Uniformity of motion is thus i 
■ '1, and a fairly uniform flow of water to the engine. In a single- 
-[ engine with one cylinder the flow of water would be very 
'tic, as the motion of the piston is variable; but in this and 
Ur engines ihe three cylinders equalise the demand so as 
ri. a fair, and at no time loo rapid, velocity of the supply ; a * 
'.iT of considerable importance, as the hydraulic losses are about 
.■irtional 10 the square of the velocity. Also a rapid velocity is • 
.!ly accompanied by a diminution of pressure if tlie accumulator 
'> 11 some (lislance from the engine. The engine is a good one, 

**cll, is capable of running at high speed, and hence is suitable 
ect driving, which is now so much in favour, 
e efficiency of the engine is high, if worked at or near full 
The " indicated " horse-power of tlie engine is easily calculated. 
I- average pressure during a working stroke he / lbs. per square 
■ ii square inches being the cross-sectional area of the cylinder, 

horse-power is 3 X — . where / is the length of the stroke 

' 'I, and n the number of rn-olulions per minute. 



^1 Armstrong's HvDRAULicE-dciMKs. 

■ Ibe introduction of hydraulic capstans at Paddingtun Station 
"■■' 1851, called Mr. Armstrong's attention to the design of 
i.mlic engines. It did not appear to him that the various forms 
■t.iry engines which had failed with steam were likely to succeed 
«jicr. An engine with reciprocating piston seemed necessary, 
the form consisting of three oscillating cyhnders with pistons 
:; on a three-throw crank, and with mitre-valves worked by cams 
' .1 shaft turned by the engine, was adojited. The type after- 
'- employed and still used for small'powers has, as stated, three 
■Jting cylinders, each cylinder being fitted with a combined ram 
;ii4ton, Ihe upper side of the piston presenting only one-half the 
■iie area of the lower side, the pressure on this half area being 
' s constant, as this side is always open to supply, the other 
of full area, communicating alternately with pressure and 
iiM ; so that in one stroke the movement is due to difference of 
■uic, whilst in the nest it is due to tmopi>osed pressure. The 
ximitar m lluit of the /Vrms-trong. pump referred lo at 
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The valve is a [wo-poii cylindrical slidt; valve placed eillier 
within the trunnion on which the cylinder oscillates, or in a pr» 
longation of it. The valve is worked direct by the oscillation of ibt 
cylinder, a relief valve being provided to prevent concussion bj 
giving a means of escape for shut-in water. 

The valve will readily be understood from Fig. 189. S is fl* 
supply passage, P the constant-pressure port always open to the upper 
or annular side of the piston ; C is the pressure port to under or fiJI- 
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area side of piston ; D is the exhaust port, and E the discharge 
passage from the engine. 

K is a ring of liard metal forming the fixed working face for the 
valve, the upper segment of which H H is free to press up against the 
rubbing surface as it wears away, being kept in contact by ibc 
pressure of the water. 

The inner ring shows the trunnion in section, with the pressuie 
and exhaust ports in its upper and lower sides respectively. Tlw 
port of the relief valve is always open when that valve is required to 



When the engine i 

own be used, two v 



required to reverse, if the type of valve here J 
Ives are provided for each cylinder, one for 1 
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t-hand revolution in one trunnion, the other for left-hand rcvolu- 
ihe other, but an ordinary slide valve with reversing gear is 
pier. 
The engine more usually made now, is shown in Fii^. 790. It has 

1 



\ 




\ 



\ 




constant-pressure port and passage in valve 
is made from i to 70 horse-power. 

In the largest size of engines, such as tliose usetl at the Tower 
Bridge, the three-cylinder arrangement is adhered to, but the cylinders 
are fixed, the ends of the plungers being guided and fitted with cort- 
necting rods as in a steam engine. 
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■ Haag's Hvdraulic Engine. 

This compact little motor has been a good deal used, especially 

the Continent. It is, as will be seen from Fig. 191, of the 
rillating cylinder type, the cylinder rocking on large trunnions 
OUgh ports in which the pressure water is admitted and exhausted. 
le action will be better understood from an examination of 
f. 192, which shows two sections of a smaller form of the engine." 

The left-hand figure represents a section through the axis of 
1 cylinder, whilst the right-hand figure shows a section at right 
jles to this through the centre of one trunnion. The passage S is 
;n to supply and E to exhaust. P, and P^ being ports through 
ich the water is admitted by /, and /^ to the two ends of the 
inder. As the trunnion and cylinder oscillate, owing to the revolu- 
n of the crank C, say in the direction indicated by the arrow q, 
: port P| is brought opposite supj;!/ S, and water is admitted by/, 
lind the piston Q which is thus moved forward. This motion, 
ising the cylinder to oscillate in the opposite direction, presently 
ngs Pj opposite exhaust and P, to supply, when the back stroke 
jimences and the cycle is repeated. 

This gives a neat ami compact little engine, which for full loads 
rks with a good efficiency, say from S? to 85 per cent., with heads 

water varying from 80 to 300 feet. With lower pressures the 
iciency is somewhat reduced. 

For the benefit of the student a dimensioned section is shown in 
J. 192. 

» VARIABLE-POWER ENGINES. 

The Brotherhood-Hastie Hydraulic Eng[ne. 

Since it is impossible in hydraulic engines to obtain the advan- 
;es arising from the expansion of a working fluid like steam, other 
ithods have been adopted for varj'ing the power of the motor, and 

■ consequent consumption of water, in accordance with the demand 
be met by the engine. Cutting off the pressure before the end of 
: stroke, and letting the remaining piston displacement be filled 
:h low-pressure water from a tank, su^ests itself as one method 

accomplishing the end in view; but this has not proved very 
:cessful. Usually the required variation is produced by varying the 
igth of the stroke. This is done in the Brotherhood-Hastie engine, 

■ By Messrs. W. H, Bailey & Co., of Sslfard. 
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33, which is really a Brotherhood engine fitted with 
»ent for varying the throw of the crank. Instead of 
rods D D D taking hold of a crank having a fixed 
coupled to a crank-pin which, by means of a c 
3e, can be adjusted to various distances from the 
jik-shaft. It will be seen that the shaft S is hollow, 
by a central spindle, having fixed on it the adjusting 
I to. 

laft carries a fly-wheel F, of which the central portion 
f heing connected to the hollow crank-shaft S, the 
tral spindle, the two parts being connected together 
ilute (or flat spiral) spring, like a clock spring, shown 

ment is such that the crank-shaft can only transmit 
) the fly-wheel through the spring, thus coiling it, more 
ig 10 the resistance of the load. But this coiling of 
J means a rotating movement of the hollow crank- 
I the inner spindle, and a consequent movement of 
am C (left-hand figure) relative to the crank disc, 
i, slot in it shown at M, in which the cam moves K 
rank-pin) further from or nearer lo the centre A, 
whether the load increases or decreases. K is shown 
part of the cam, so that ihe stroke has its greatest 
he load is removed the cam is turned by the spring 
or ieft-hand direction, until the depression V is met 

being then shortest. The dotted lines show another 
am which is used when the engine runs in the reverse 
; power of the engine can thus be varied from a 
ninimum in the ratio of about 3 to i. 

is an exceedingly ingenious arrangement, with all the 
ails well thought out, it is now very seldom employed, 
le Hydraulic Engineering Company of Chester) say 
arely make the engine. 



iRiAELK Stroke Rotary Hvuratjlic Engine. 

ly variable power hydraulic engines which have been 
Mr. Arthur Rigg is probably the only one which has 
al success. 

.■t a hydraulic engine such that the consumption of 
e fairly with the power given out without any great 
y, and to do this automatically, has been the goal for 
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which many inventors have striven. When pressure-water costs from , 
i^. to 21. per thousand gallons, it is evident that on engine wliich, 
driving a capstan, for instance, uses as much water in hauling in tfit 
unloaded rope as in pulling its maximum load, is a \Kxy wasteful and 
expensive motor for vaiylng powers. In Bigg's engine the stroke, 
and hence the water constmiption, is varied, Mlher by hand or 
■governor, to agree with the power demand, this variation being easily 
effected whilst the engine is running. The speed of the engine an 
also be varied within much wider limits than are possible with reci- 
procating engines, the engines being capable of running at a veiy 
high speed without undue 
shock or vibration— 600 re- 
volutions per minute being 
often attained. 

The general principlcof 
the Rigg engine is not izvi 
easy to explain without 1 
model, Perhajw tlie simplesi 
way of regarding the mati^t 
is to think first of all of any 
three<ylinder engine, such 
as the Brotherhood, where 
there are three cylindefs, 
at 120' to each other, diis- 
ing a common crank, wi^ 
the approximately uniform 
•^'S- ■94' luniing moment which surh 

a system provides. If. in- 
stead of bolting the bed of such an engine down to its foundations, 
we imagine the main shaft fixed, and the three cylinders and bed 
to revolve round that shaft, a general idea of the action of the Rigg 
engine may he obtained. 

Fig. 194 will illustrate the action. Here a number of cylindftrs— ' 
say three — revolve round a common Centre E, whilst the pistons 
(plain plungers) revolve round the centre O. At the position 1 A 
the cylinder ami piston circles coincide, and at 5 B are farthest apart ; 
whilst during travel from A to B there is a gradual increase of the ] 
distance ic, ^d, &c., and a gradual diminution of the distance firoBi i 
B round by 6^10 A. Imagine three cylinders fixed symmetrically] 
round the inside of the outer circle, which lakes the place of the fly-J 
wheel of an ordinary engine, the cylinders being fitted with plnngers,! 
all capable of moving round a pin at O. Then, as the fly-wheel andT 
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rylinders revolve, the pistons will travel regularly in and out of the 
cylinders as in an ordinar)' engine. 

The actual arrangement of the cylinders and pistons is shown in 
Fig. 195, which gives a front view. The cylinders are balanced 
a'^inst each other during construction, as are also the pistons. It is , 
true the pistons and cylinders possess sliding movements relative to ' 
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each other, as well as accelerations and retardations as regards 
ingular movement, with a small change per revolution of the position 
of the mean centre of gravity of the entire revolving mass ; but these 
changes are small, and are carefully balanced for mean speed and 
stroke, the unbalanced force, which is taken up by the bedplate and 
'oundations, being very small compared with the totals of such forces 
^D3th in other types of engines. 



H^mthui' 
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Assuming a constant speed of fly-wheel, it will be see 
the pistons move out of their cylinders [heir mean angulai 
decreases, whilst as they retuni their mean angular relodty 
These changes do not affect the regularity of motion, because, as ow 
cylinder and piston becomes a driver in so far as their angotar Tclodly 
diminishes, so the opposite pair becomes driven in an eqnal d^gitt. 
These internal forces, mutually balancing, do not appear outade. 
All the cylinders revolve at the same distance from tbeir coibbm 
centre, and contain ordinarj- plungers with usual paclcii^s, bcnct lip 
not suffer from many of the practical defects which have hitboU 
rendered rotary engines impossible. 

Fig. 195 represents, partly in elevation and partly in section, ow 
of these engines, of ahout 30 horse-power, designed for working al 
a pressure of 700 lbs. per square inch. In this itlustiation the co»B 
is removed. This cover performs no part in the working of iht 
engine, but is used merely for protection, and for retaining the oil fei 
general lubrication. 

The figure shows the main driving cylinders with the valve-chest 
removed, and Fig. 196 gives a section of the relay engine, whereby 
the stroke of the main engine is controlled by the governor or by 
hand. 

Returning to Fig. r^s, all the cylinders are shown in position for 
fiill stroke in the direction indicated by the arrow. No. i cyhraler 
is a section, and it will be seen that it consists of the ordiiuiy 
hydraulic cylinder with its plunger or ram, the gbnd and paclcing 
being dearly shown. 

The cylinder is cast in one piece with a circular valve, with whidi 
it revolves on the main stud S, as <lo the other cylinders Nos. i and J- 
The pimigers, connected to the disc crank, revolve round centre 0. 
which is also the centre of the main shaft ; the distance O S therefore 
constitutes the length of the crank, or half the stroke. This oani 
does not turn roiuid as in an ordinary engine, so it can eadly be 
altered in length. The exhaust opens for each cylinder when it comes 
into the position of No. i cylinder, the extremity of the outer stroke 
being here tomi>[eted. At the position A the circular valve provide* 
for the admission of pressure-water, and the inflow continues through- 
out the stroke until the cylinder again arrives at the first podtion. 
Any movement of the cylinder stud S alters the stroke, and if S be 
moved over to coincide with O, the stroke is zero. If the movement 
of S be continued beyond O towards C. the stroke increases again, 
but the engine runs in the opposite direction. 

Hence the engine, being variable in stroke and revetsibk « 




The relay engine of Mr. Bigg's combination is shown in Fig. 196. 
lit consists mainly of two rams, Q and R, of different diameters, cast 
in one piece with the valve-chest V ; the smaller ram R being sub- 
jected to a constant pressm'e, admitting supply to the inlet port for 
driving the main engine. The large ram Q is provided with two 
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valves, whereby the pressure can be admitted to, or exhauslt-il from 
it. Only Ihe exhaust valve is shown in complete section ; the inlet 
valve, lying hehind, cannot be seeti, hut they are alike. 

Thc';c v.tKts nrc rS oriIinnr>- constniriion. ami ate cjuricd along 
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(he valve-chest, so that a push or pull from the slop-lever 2 

ion or the other, according to the extent of such push. This 

T results in ihc relay engine starling, stopping, or moving in 

oliedieiKe to the extent of the impulse it receives from the 


1 
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ion, carrying the stud S {Fig. 195) attached 
rer to the fly-wheel centre : thus altering the 

well-known type — is contained in this case 

', as shown in Fig, 197, and ils connection 

iiJay engine— omitted in the figure — is so 

IcBcription, 

nee of the relay is shown in Fig. 198. 




of Ihe main engin 
K govtmor — of a 
1 the driving pulk 
the valvts of the 
1 w [o require no 
W ouiwclc appears 
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ThegeneralftiDciionof an engine isto tuma shafL ThbcngiK, 
however, seems 10 be capable of application to many puqmscs 10 
which hydraulic engines are not now applied. Applied to a capstan, 
the advantages of good governing and \'ariable stroke are eridett. 
At first the speed is rapid as the slack rope is drawn in, awl tbc 
governor shortens the stroke till very little water is consumed ; thai 
as the load comes on the rope the stroke increases until the eflgiiK 
works at full power. In an operation of this kind probably less Au 




msMm 



half the water is used tliat would he required by an ordinary non- 
variable hydraulic engine. Where fairly continuous power of variable 
amount is required for long periods the saving of water may be half 
of the entire amount required by an ordinary engine. The reader can 
easily figure out the saving in cost for a given average power. The 
successful application of one of these engines (of about 10 horse- 
power) to the movement of a heavy draw-bridge is referred to in onr 
section on Movable Bridges. 

The engine is carefully thought out and well designed, a«e 
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mtee, Mr. Rigg, having the requisile practical and theoretical 

I' knowledge, and having devoted many years to the perfecting of the 
engine. 

Capstan Engines. 

An interesting application of the Rigg engine for driving &.I 
capstan is shown in Fig. 199. The engine is horizontal, and drives \ 
a shaft which is geared to that bearing the steel bollard. The engine 
turns readily in either direction, and its stroke is regulated by a 
governor acting through the relay as already described. This forms 
a compact arrangement, and the engiiie can go at any required speed 
Up to SCO revolutions per minute or more, using pressure w*ater pro- I 
Ijortionate to the work done. 

Other capstan engine combinations are sho^vn at pp. 28Sand300. J 
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BRIDGE AND DOCK-GATE MACHINERY. 



Bridges which can be opened for the passage of ships are of different^l 
types. Of those worked by hydraulic power we have (i) swing- 1^ 
bridges, (z) draw-bridges, (3) bascule bridges. A type of swing- I 
bridge for a double line of rails, leaving two passages for ships when 1 
open, is shown in Fig. 2oo. The picture is that of a comparatively 
small bridge, but gives a good genera! view of such a bridge, showing 
how the opening portion moves. A larger and heavier bridge of a 
similar kind crosses the river Tyne at Newcastle. 

Swing-Bridge over the Tyne. 



The swinging portion of this bridge, which is carried on a central 
pier of masonry, is 280 feet long, and spans two passages each 
104 feet wide clear of the fenders, one on either side of the central 
pier. The bridge has a roadway 22 feet wide bet\veen the two main 
girders, and two footways, each S feet wide, one on either side. 
These arc tarried by cantilevers from the outside of the main girders. 

The main girdc-rs themselves are of triangular construction, the 
upper and lower booms being of trough section, and the vertical and 
diagonal members of H or box section. 



1 
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.1 arrangement of the machinery for turning the bridge 
,*-ig. 20,. 

:llinery is placed in the central pier. There are two 
steam engines, with boilers, supplying accumulators 
pressure of 700 lbs. per square inch is obtained for 
hydraulic machinery, 

it interference with the working of the bridge the 

are placed and work entirely beloiv the upper level of 

ing sunk in two cast-iron cylinders embedded in the 

The illustration explains itself. To the right and left 

^-*^«:umulators for storing the water pumped by the steam 

I'ull details of one of these accumulators are given in 

* ^hich is reproduced from the working drawing. 

^^<::cuinulaiors are joined by piping, and are also connected 

^r piping to the hydraulic engines, tlie positions of which 

"""^ti on the left. These 'engines, two in number, are of the 

^ ^vn three-cylinder type depicted in Fig. 190, and described 




They exhaust into pipes, which convey the water ti 



T"* "^s from which the sujiply for the pumping engines is drawn. 

' ' "y are placed in a chamber, as shown, near the centre of the 

and are connected by gearing witli a pinion working into a 

-^ rack fixed to the upjier roller jxith. 

* '^*; bridge turns on a ring of "live" rollers running between 

^Pper and a lower path. A section of the path showing this 

^^fiction method of support is shown in Fig. 203. 

^Tte rollers carry about one-third of the total weight of the 
-*ling portion of the bridge ; the remainder being taken by a 
"^*(iulic press, indicated at the centre of Fig. aor, which forms the 
'Ot. 

Sliding blocks worked by hydraulic cylinders are provided at the 
''i ends of the bridge for taking the weight at these points when 
■^ bridge is oi>en for road traffic. Direct-acting cylinders are fixed 
' the ends of the main girders, by means of which the ends of the 
•idge can be lifted so that the sliding blocks may be withdrawn 
'ben the bridge is required to be ojKnied for river traffic. The 
iridge can turn in either direction and the range of travel is not 
.iiuited. The hydraulic gear is controlled from a cabin carried upon 
ihc roadway at the centre of the bridge, from which position the 
man in charge has a good view. 

The total weight of the swinging portion of the bridge is 1400 tons. 
The hydraulic machinery is by Messrs. Sir W. G, Armstrong & Co., 
he engineers of the bridge being Mr. Ure and his successor 
VIr. Messent. 
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Draw-Bridges. 



An interesting example of a draw-bridge worked by hyikuiic I 
powtr is shown in Fig. 204. Formerly this bridge was worked bt 




two pinions turned through gearing by a hydraulic engine, the i&do» 1 
working into two racks fastened to the bridge. 

This not proving altogether satisfactory the system has b 
adopted which is illustrated in Figs, 204 and 205, 
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The bridge is supported by wheels running on rails, and is mo?ed 
by a steel wire rope, one inch in diameter, which is fastened at one 
end to the bridge as shown, being wound on a drum as indicated in 
Fig. 205 ; the other portion of the rope being fastened to the other 
end of the bridge and wound on the drum in the opposite diiection. 



Underside of\ Bridge 




Fig. 206. 

Hence when one rope is wound on to the drum, the other is unwound 
from it 

The drum is turned by a Rigg's hydraulic engine, which seems 
specially adapted for this work. It will readily be imderstood that 
when the drum is rotated in one direction the bridge is gradually 
opened ; when the direction of rotation is reversed the bridge is 
moved into the closed position, thus spanning the dock entrance. 
The maximum pull on the rope is 3 tons. 
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A voiute spring is provided at each end of the rope as shown ii 
Tig. 204, to allow the pull necessary to start the bridge to be applied ' 
ttore gradually. 

An ingenious stop-gear is provided to prevent over-winding of 
he bridge, as the stops S on the rails might not be sufficient if the 
tngine were driven at high speed. 

A separate view of this automatic arrangement is shown in 
?"!£. 206. 

The curved lever L, the piece carrying it, and its fellow Li 
;an oscillate on the pin C. and it works the reversing lever of the 
fngine through the rod R as indicated on the other drawings. The 
►ixjjection T on the bridge engages the bent lever L when the latter 
occupies the inclined position shown by the upper right-hand dotted 
ine, moving it down lo the horizontal position if the bridge be 
noving from left lo right, thus putting the reversing lever into the 
oean position and stopping the engine by bringing the crank-piu of 
he engine into the i-entral position as already explained. The stop- 
:ear can be moved again to the proper position by hand in order to 
■IJow the engine to he started, in the following way. 

There are two levers L and Li in ditferent planes ; one is acted 
'n when the motion is, as above, from left to right, the other when 
f^e motion of the bridge is from right to left — in other words, when 
lie bridge reaches the closed position L is depressed, whereas, when 
■ reaches the ojien position L, is depressed by a projection similar 
o T (but in the same plane as L,) on the other end of the bridge. 
O the position of L, shown in Fig. 206, the bridge has reached the 
■losed position ; if it be necessary to open it, L, is elevated by hand 
'Od the reversing lever moved into the position giving motion in the 
■^quired direction. 

This method of moving a draw-bridge is in some respects novel, 
*nd has proved highly successful in this case, the bridge being now 
opened or closed in less than one minute. 



Bascule Bridges, — The Tower Bridoe, London. 

Space does not permit a lengthened reference to bascule-bridges, 
but a short notice of the Tower Bridge, as the best example of such 
a bridge exlani, may be interesting. 

'I'he construction of this great bridge was commenced in September 
1886, and the bridge was opened for traffic by the Prince of Wales on 
June 3olh, 1894. The total cost, including price of land, &c., was 
estimated at ;^i, 900,000, The bridge connects by easy gradients of 



Weniicr Bridge, Loudon. 

n6o on the nortli side, and i in 40 on the south side, a point ^ 
e eastward of the Tower of London, opposite the Roys 
i, whb a point near the Horsleydown stairs, on the south side o 
T 'I'hsLmes. 

B depdi of water undtr the central or opening span is 33^ fee 
1 water, with a headway of 20 feet near the ahutments, 
[ 10 19 feet at the centre of the span. The piers rest t 
i filled with toncrele sunk 25 feet helow die hed of the river,S 
jierstiucture consisting of elaborate stonework with a framewotk 
i m:ude. 
: roadway is 35 feet wide, with two footways each 13^ fee 
I the approaches, reduced to 33 feet and 8i^ feet respectively! 

e span. 
: general appearance of the bridge, and method of openi 
nilc span, are shown in Fig. 107. Each leaf or half of the* 
^le span is 113 feet long from the centre of the horizontal hinge 
I (1 foot 5 inches in diameter, resting on roller bearings) on 
1 it turns. The short ami of tliis ponion is 50 feet long, so that 
Entire length of each leaf is about 163 feet and its width 50 feet :■ 
reight about 1 200 tons. The inner or shorter arm 
G is loaded with lead so as to bring the centre of gravity of tl 
J portion to the pivot : thus the main resistances 'to 
B in opening the liridge are those due to wind pressure, inertia, 
~ ictton. Hydraulic lifts are provided to take foot passengers to 
tt.levcl roadway during tlic iieriod when the bridge is open foiL 

The Hydraulic MAcainERY. 

e method of opening the bridge will be understood from a 

n of Fig. 2o8*. which shows one half or leaf of the openiq 

|l in elevation. It will lie seen that attached to the tno mdn! 

i o(tat:h leaf of the o]>ening span are great quadrants heariiq 

eel rackit, each composed of steel, being of the shape of the a: 

Iciidc of 42 feet radius. Each rack consists of eleven segments ' 

1 long and 17 inches widc^wiih teeth of 5-93 inches pitch. 
J rows of these racks are flxed si<le by side to each quadrant. 
I these racks gear pinions 24^ inches in diameter, driven by 
engines; there are tno pinions to each rack. The J 
: motive power ia supplied at a pressure of 700 

^Tba> (Ignret iro lucrtci) through ihc eouiiesj of ilie ( 
Ti^toetfliie ' and of the ' Engineer,* 
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Fig. 209.^<;eneral Plan showing Hydcitulic Machineiy. 
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square inch by accumulators, two being placed in each pier udtM 
in a separate accumulator house on the Surrey shore* The pveaae 
water for the northern half of the opening span is conveyed by pipB 
laid in the high-level footway. The machineiy is all in diqfiole^ 
each set including two compound steam pumping engines of tk 
Armstrong type, each of 360 horse-power. 

The hydraulic motors, also in duplicate, are placed in chambn 
in each pier, the arrangement being shown in Fig. 209, a dodel 
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Fig. 210. 



cinic iniliraiini; c.u h accumulator with ram i foot 6 inches in 
diameter and 22 tVet stroke; the hydraulic engines are worked by 
the ]>ressure water from these accumulators, actuating, through spur 
iiearing, the pinions gearing with the racks already referred to. An 
end view of the racks and pinions is sho%\*n in the lower portion of 
Fig. 3 10. 

By an automatic arrangement, the pressure water is shut off from 
dnulic engines when the operation of raising or lowering each 
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F has been completed, so that if the man ui charge neglects his 

■, the leaves gradually come to rest in the vertical or horizontal 

Kilions. As a further precaution, hydraulic buffers are fixed in such 

sitions that, even if the machinery lost its control of the bridge, 

e impact due to the leaves being brouglit to rest would be absorbed 

1 injurious shock, in a manner very similar to that employed in 

psorbing ihe recoil of heavy guns. The hydraulic lifts for passen- 

■s are of the suspended type, two to each pier, safety catches being 

rovided in a way very similar to that already described. The time 

rupied in opening the bridge is about a minute and a half. The 

diole time taken to clear the bridge, open it, allow a ship to pass, 

^d re-close it, is about five minutes. 

The designer of the bridge, and engineer during construction, is 
■. J. Wolfe Barry, C.B. The hydraulic machinery is by Messrs. 
r W, G. Armslrong S; Co, 



Dock-Gate Machinery. 

Formerly dock-gates were usually opened and closed by chains 
worked from crabs or winches, turned, in the older docks by hand, but 
more recently by hydraulic power. Two chains, or sets of chains, 
passed from the gate to the winch — one directly, the other over an 
opposite drum. Thus the rotation of the winch in one direction 
pulled in, say, the closing chain, slackening out the other, whilst 
rotation in the opposite direcrion pulled in the indii'ect-acting chain, 
slackening the former, thus moving the gate in the opposite direction. 
In some cases the winch or crab was actuated by an endless chain, 
moved from drums worked by hydraulic engines, the same chain also 
actuating capstans ; in other cases the engines worked the crab 
through shafting, whilst a better and more compact method was 
found in working the crabs directly from hydraulic engines, usually 
of the oscillating type. 

Coming to later times, the chains by which the gate is opened 
and closed are actuated by the motion of a hydraulic ram working in 
or out of its press, the motion being magnified by pulleys, as in 
hydraulic cranes, and the crab being dispensed with. 

Thus, on pressure water being admitted to the opening cylinder, 
the ram of this cylinder is forced out, dragging in a chain which, 
being passed over multiplying pulleys, acts on the gate so as 10 open 
it. The gate is closed by admitting the pressure water to another 
similar cylinder, the ram of which acts on the closing chain, the 
former cylinder being in communication with the exhaust. These 
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cylinders may be at opposite sides of the dock entrance, and thus a 
carrying drum is dispensed with. 

This method is simple, and the machinery less liable to get out 
of order than in the others mentioned. 

Recently, at the Windsor lock of the Barry Docks, a simpler and 
more direct system of hydraulic machinery has been employed to 
open and close the gates. 

The ram of a double-acting cylinder acts directly, through a 
connecting-rod, on the gate, as shown in Fig. 211. 

The cylinder is of cast iron, and is 19 inches internal diameter, 
the ram or piston having a stroke of 14 feet. 

The piston-rod is 7 inches in diameter, and is covered with 
copper, being connected to a cross-head which moves between sted 
guides. The connecting-rod is of wrought iron, joined at its inner 




Fig. 211. 

end through a forged steel gymbal to the cross-head, the outer end 
being connected to the gate by a similar gymbal. This arrangement 
permits angular movement both vertically and horizontally. 

The front end of the hydraulic cylinder is fixed to a framework 
of steel plates and angles, which is secured to the masonry of the 
lock wall, the framework taking the thrust when the gates are moved, 
the back end of the cylinder being supported by a cast-iron saddle. 
The inner ends of the guides are attached to this framing, whilst their 
outer ends are secured to a girder built into the masonry. 

The working valves are spindle valves of the type used in 
hydraulic cranes, whilst a reducing valve is employed to regulate the 
pressure, which may be anything from 200 to 700 lbs. per square 
inch. Automatic cut-oft' gear is also employed to prevent over- 
movement of the gate. 

The position of the cylinders relative to the gate are shown in the 
smaller figure, the former being placed in recesses in the walls, as showa 
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J Capstans, operated directly by oscillating hydraulic engines, in the 
wvay usually adopted by the makers of the whole of the machinery, 
^Messrs. Sir W. G. Armstrong & Co., are provided for the service 
<if the lock, the pressure-water for these being taken from the sama 
^supply. 



HYDRAULIC MACHINERY ON BOARD SHIPS. 



The operations of loading, discharging, and storing cargo i 
well as the steering of ships, offer scope for the use of hydraulic I 
machinery; whilst the manipulation of heavy guns and other appli- I 
ances on board men-of-war renders it a necessity. 

Messrs. Sir W, G. Armstrong & Co. in the case of warships, and 
Mr. A. Belts- Brown in the case of ordinary vessels, may be mentioned 
as those to whom the success attained in these directions is mainly 
due. 

It is evident that in passenger shi|>s the adoption of hydraulic . 
machinery for the perfonnance of certain operations offers advan- 
tages in its silence, and the absence of thai heat, dirt, and dust, which 1 
are the concomitants of steam machinery. 

If hydraulic machinery is to be used with advantage on ship- 1 
board, one of the essential things required is a suitable accumulator I 
or its equivalent, a sensitive hydraulic pressure governor. Dead- ^ 
weight accumulators may be ruled out as unsuitable, for evident J 
reasons. 

\ 

B^ The steam accumulator of Mr. Betts-Bro^^^l, shown in Fig. : 
fblfils the requirements of the case. It may be described as a steam 1 
intensifier or pressure regulator. It consists of a steam cylinder A, j 
with its piston B attached to a ram C passing through a stufhug-box j 
into a hydraulic cylinder D. The sicam pressure being, say, 70 to j 
80 lbs. per square inch, the area of the steam piston is about ten 1 
times that of the ram, hence the pressure of the water beyond the I 
ram is from 700 to 800 lbs. per square inch. Steam is admitted to J 
the accumulator through the pipe E, and exhausted by F, Q being J 
the main exhaust pipe of the engines. 
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I is admitted to the pumping engines by N. The steam 
iCiiig on B merely performs the function of the dead-weight in an ordi- 
ixy accumulator. There is less inertia, and therefore less necessity 
i«" safety-valves on the hydraulic mains supplied from such an accumu- 
tor. ^Vhen a safety-valve on ordinary mains acts some of the 
nessure-water is lost, or its energy is greatly diminished ; hence this 
i^ahod avoids the loss referred to, and it has the further advantage 
*^X the pumps ean act more quickly in starting the accumulator ram 
I what may be called its upward motion. The pumps are attached 
i-iectly to the accumulator as shown, thus space is saved, and less 
^;id foundations are required, the whole weight being only a small 
"action of that of an ordinal^' accumulator of similar kind. These 
t* probably the most important features of the invention. Against 
>ese advantages may be put the loss due to leakage and condensa- 
Lon of the steam, but this loss is reduced by the use of separate 
vdmission and exhaust passages, as shown in the illustration. Com- 
pactness is probably the most valuable feature of such contrivances 
vhen useil on board ships. 

Other methods of obtaining the requisite " head " or load on 
icciunulators on shipboard have been devised. 

Compressed air has been used instead of steam, and springs have 
leen employed to a considerable extent on British men-of-war. 

Spring accumulators, i.e. accumulators in which the ram is pressed 
town by a spring, are naturally of very limited capacity, their stroke 
i^ng short, and they do not give a constant pressure. They are 
note properly described as " equalisers of pressure," acting much 
ike an air-chamber, giving an avtragt pressure which for certain 
imits of stroke may be calculated 

By the introduction of an excellent hydraulic pressure governor 
fully described later on) Messrs Sir \\ G. Armstrong & Co. have 
leen enabled to disjjvnse nith iLCumuhtors, or even " equalisers," on 
ihips of war. 



Brown's Telkmotor and Steering Gear. 



p TJus apparatus provides a hydraulic means of communication 
between the bridge and the steering engine, which in modem ships is 
often attached directly to the rudder-head to obviate the risk of the 
breakage of chains. Fig. 213 shows a vertical section of that part of 
:he apparatus usually placed on the bridge. The steering wheel A 
Irives a pair of bevel-wheels B, which actuate shaft C and the pinions 
D, one of which acts as a nut for the screwed piston-rod E. The 
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view shows the piston F in mid position, within a cylindric SOt 
jaece fonniBg part of the upper and lower cytinders GaadB,' 
piece allowing free passage for the water from H to G. On tan 

the wheel A the piston F willtmi 

tone way or the other, and jto 
passing one of the annnUr pan 
D , will act as a pump. 

Sif In Fig. 214 the aft pcatioo t 

I the telemolor is shown close U te 

\ steering gear. It consists of 1 

BA^ double-acting hydraulic cyiindcr I, 

^fj^^ with piston J and tod, »hiti ii 

connected to cross-head K, vA 
from there to the le%*cr S of dC' 
steering gear. The after Stto 
wheel T being disengaged, 
springs L L tend to force the 
ton J into mid stroke, and ■ 
sequently bring the rudd^ ai 
ships. ThecyhnderGonthebridp 
is connected to the correspoudiiv 
end G of the cylinder aft by 
also H forward to H aft. as shtnra. 
The pipes, 5:c,, being full of wai«, 
if piston F is forced up or do** 
beyond the ^ of an inch required to cover the annular port, pisttm 
J moves in a similar way. Thus the steersman on the bridge aco 
on the steering gear, through the piston J, its rod acting on the 
lever S of the steering engine valve. 

The steam steering gear is shown in elevation in Fig. 315, and 
plan in Fig. 214. In Fig. 215 ,\ is a cast-iron tiller keyed 
rudder-head B, having at its after end a double jaw C fitted with 
bearings, and at the other end D a toothed segment. A toothed quad- 
rant E is bolted to the deck, into this a pinion F gears. Shaft G ' 
fastened to this, and bears a clutch-wheel H. The wonn-whed 
embraces the clutch-wheel, the necessary friction for driving G being 
effected by the expanding clutch-wheel acting against a spring. T 
steering engines are carried on the riller and move round uith 
receiving and exhausting their steam through a double stuffing-box 
on the rudder-head (see A, Fig. 214). MM are the steam cylinden, 
the slide valve N reversing the motion. This will show how the 
hydraulic arrangement acts on the steering engine. 
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The hydraulic communicarion has the advantage of being readily 
conveyed round comers and in ou[-of-the way places, whilst by its 
use the noise of chains is avoided. 

Special means are provided to supply any deficiency of water due 
Eo leakage, and an indicator is provided on the bridge to show the 




position of the helm at any instant. The way in which the rectifica- 
tion of the liquid in the pipes and cyhnders is effected each time the 
tiller comes amidships is very ingenious. It may be indicated briefly 
as follows ; — Suppose the gear by leakage or other cause gets out 01 
correspondence, the hand-wheel being "bard over" for«-ard whilst 
the springs have brought the gear aft to tlie amidships position; 
water is now sent into that part of the cylinder aft lettered H, which 
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drives the piston J hard over towards the stuffii^-box 
cylinder, moving the piston F. WTien the pisti 
tanee-piece free communication is established between 
on the bridge and both ends of the cyhnder I aft. The 
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t their force and put the gear amidships, the whole being again 
orrespondence. 

HvDRAULtc Derrick, 

Coming now to apparatus for loading and unloading [ships, 
3. 3i6 and 217 show A the lifting cylinder of a hydraulic deriiclt 
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with its ram and pulleys, the slen-ing rylinder B with its Tam, pBlIe^nl 
rope Uckle made ^t al C. the derrick being palled in. am] blbag 
out by gravity owing to the rake of the nust. Fig, 317 dxm 1 jia 
of the arrangement. 

A derrick which can be actuated etther by steam 
water has been recently brought out, as the coil of fia 
appliances in some cases prevented the use of ibe hydranfic fats tf 
the apparatus. 

Hydraulic Winch. 

This apparatus is shown in detail in Figs. 318 and 319. Tn 
winding barrels A A (Fig. a 18), on their fiames B B with vaiptf 
ends C C, are driven by the lams of three oscillatir^ cytinden D 
{Fig. aig). These cylinders receive and exhaust their water Atoo^ 
the trunnions by means of partially balanced cyiindiic vaha E, 
somewhat tike those of the Armstrong engine (Fig. 189), tbdr oang 
remaining stationary, whilst the valve or plug E mores widi the 
cylinder. The action of the rams on the crank is best nndentood 
from Fig. 119. In order that the power of the winch may be adapird 
to some extent to the load, an arrangemeni is provided for cbai^ins 
the throw of the crank, even whilst the winch is at work. The naiik- 
pin is fixed in two discs F, which are placed eccentrically with rwpea 
to the axis of the winch, and each of these discs revolves withia 1 
recessed face-pbte fixed up>on the winch-shaft, and is connected to U 
by sliding bolts I (Fig. 218). A series of concspondii^ holes In 
the two discs F are provided for the bolts so as to secure them in 
different positions ; the two bolts are withdrawn simultaneously by a 
lever and pushed in again by springs. Thus the stroke is vxiK& 
from 6 inches to 18 inches to suit the load. The values of the 
stroke may be 6, 9, la, 15 or 18 inches, depending on the positions 
of the bolls. For the heaviest loads the speed is only about 20 reto- 
lutions per minute, and in that case the force on each ram is 3 toitv 
which with a stroke of j8 inches gives sufficient power nithooi 
gearing, the ram.s acting directly on the winding barrel. Thus ibor 
is less noise or vibration than in the case of steam winches.* 



■ For furthEr informatiaD on Ihit subject. Me Mr. K. Betis- Brawn's paper as 
' Hydraulic Powct for Loading bimI Discharging Slcatoships,' read Ufoce 'M 
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HYDRAULIC APPLIANCES FOR SHIPS OF WAR. 

The manipulation of heavy guns, and other operations which must 
le performed on board war-ships, render a complete hydraulic system . 
lecessary. For working gun-mountings hydraulic machinery jws- 
esses many advantages over that worked by steam, rompressed air, 
ir electricity, for the following reasons -.—Pipes conveying pressure- 
voter ean be led over a ship without causing heat or risk of Jire. Jf a 
lipe be damaged no explosion takes place, and the place of damage is 
asily located. Hydraulic pmver can be applied directly to work presses, 
'i/ts, &v,, and it works silently, and the hydraulic system is best suited 
'o arrangements combining recoU-absorbers with means for running tin 
^ns out and in. The perfection of the system now fitted in British 
var-ships is due almost entirely to the enterprise and talent with 
which the matter has been taken up at Elswick Works. 

It may be well, in noticing a few of the recent developments in 
his field of marine engineering, to begin with the source of power, 
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, British War-Ship. 



". Fig. 220 • shows a section of a pair of engines such as may be 
leen on a modern war-ship. They consist of two compound engines, 
ach with a high and a low-pressure cylinder, arranged in tandem. 
rhe piston-rods of these cylinders are connected to cranks which 
irive a shaft fitted with eccentrics for the regulation of the slide- 
falves, admitting steam to and exhausting it from the steam cylinders ; 
;hejpision-rods being prolonged and forming pump-rods as shown in 
he illustration. 

Each pump is provided with two delivery and one suction-valve. 
As the pump-rod moves iii one direction, water is drawn into the 
pump through the suet ion -valve, and on the return stroke the charge 
af- water is forced through the first delivery valve. After this the 
water may be said to divide, half passing through the second deliver^' 
valve into the pressure main, the other half passing again into the 
pump behind the piston, the rod of which is of half the sectional area 
of the pump cylinder. The next stroke may he said to force this 
half charge through the valve into the main ; thus the pumps, being 
in duplicate, two for each engine, at each revolution of the crank-shaft 



* Figs. 220-225 ^ 
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Pumping Engine for Pnssure Mains. 

there are delivered four half-charges or two complete charges of a 
pomp. This well-known form of pump is fully described at p. 343. 

Referring to the figure, A and B are respectively the low and high- 
pressure cylinders of one engine. The low-pressure piston is con- 
nected by rods D to the same cross-head as D' the high-pressure 
piston-rod, the cross-head being also attached to the pump-rod K. 
<ln the forward stroke of the plunger a charge of water is forced 
through the first delivery valve F. but since half this amount is re- 
ijuired to fill the S]j3ce left by the plunger as it advances, half only of 
the charge is forced through the second delivery valve E into the 
mains. On the return stroke the water on the other side of the 
plunger is forced through E, thus the whole charge has now been 
forced into the mains, a new charge being drawn into the [Jump. 
The sectional area of K is half that of the pump cylinder. The .slide 
valves M M' are worked by eccentric gearing from a shaft driven by 
connecting-rods from the cross-heads. 

The hydraulic governor P is most ingenious. It is in communi- 
cation with ihe pressure main, the water in which acts on a small 
plunger of the governor, which, when the pressure exceeds the normal 
intensity, rises against a spiral spring, this motion regulating the steam 
throttle- valve. To guard against the possibility of the engine and 
pumps racing, through, say, the fracture of a pressure-main reducing 
the pressure against which the pumps act, a Murdock's speed governor 
is also attached. Two separate sets of pumps are |jrovided, each 
capable of supplying the whole installation. This fact, and the 
excellent hydraulic governor, render an accumulator unnecessary. 



I 



HvDRAirLIC RECOIL BlJFFER. 



Coming now to some of the operations effected by the use of 
pressure-water, we may first notice the guns. Gun mountings have 
many duties to perform, one very important one being the absorption 
of at least the greater part of the energy of the recoil of ihe gun. 
The hydraulic system of doing this is in universal use for guns vary- 
ing from the small 3-poun(Ier to the immense iio-ion gun. The 
suggestion of the use of hydraulic resistance for Ibis purpose is due 
to the late Sir W. Siemens, but the first recoil buffer was made at 
Woolwich. The principle was employed by Lord .\rmstrong in one 
of his earliest hydraulic cranes. The Woolwich buffer was first 
intended to act as an auxiliary to frictional compressors. The 
principle of recoil buffers is to provide a resistance to recoil, due to 
the passage of a fluid through a small orifice or orifices at a high 
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speed. Thus in the Woohvicli buffer a closed cylinder was used, 
fitted with a packed piston-rod and a piston which had holes io h. 
The cylinder being filled with a liquid such as oil, the piston could 
only move by the passage of the liquid through the holes, bencr. 
when the movement of the recoiling gun was transmitted to the 
piston, the higher the velocity of the latter the greatt-r the rcsistanre 
offered by the piston. Mr. Vavasseut's improved form had a pon 
which was fitted with a valve gradually closing the orifice, the mow- 
ment of ihe valve being effected through the medium of studs 
spiral grooves in the cylinder. 



The Elswick Buffer, 



i 

pisloo, TT 




shown in Fig, aar, is that of a quick-firing gun. T is the pisloo, TT 
the valve-key. The piston-rod is attached to a horn B on the gun. 
The recoil cylinder X is made of 
forged steel, and is screwed into i 
bracket Y. V is the controlling ram, 
W a plug for adjusting the action 
of V, and Z a small radial bole to 
admit the liquid into the cavitj in 
the centre of the pision-rod duting 
_, recoil. ^ is a bronze ring to pre- 

vent seizing between piston and 
cylinder. It is easy lo see how the appliance acts. It is on the Umkn 
jffinciple— in other words, the recoil pressure acts on the anntilar area 
of the piston round the rod, which is in tension, the fluid findir^ its 
way through Z into the cavity lefl behind and round V. during recoil 
The use of the controlling ram is very important, rt^lating the speed 
of the " running out," ,\s the gun runs out again (from right to left) 
after recoil, the liquid escapes from the central cavity by a passage 
which is gradually closing by the ingress of the taper ram V, and thus 
the gun runs out with a decreasing si>eed, arriving gently at the front 
buffers or stops. 

HVDRO-pNliUMATIC DISAPPEARING MolNTlNG FOR GlTMS. 

This is one of the most important of the applications of ftwd 
pressure to gun-manipulation ; though given here, it is more usually 
employed on land, the gun being fired and loaded from a pit. It will 
be understood from an examination of Fig. zzi. It acts somewhat as 
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follows : — When the gun is in the firing [losition it is kept u 
liquid, which is at a sufficient pressure to fort'C out the rar 
recoil press, shown underneath the breei-h of the gun. This | 
is obtained by compressed air acting on the liquid, rtlien 1 
fired the liquid is forced through recoil vaJves, twt into an exhaul 
chamber, but into the compressed air chamber, further compiresm 
ihe air. thus assisting, to a small extent, 10 absorb the recoil, which b 
mainly, however, absorbed by a recoil apparatus, ^^'ben the enngj 
of recoil is absorbed, the gun has descended into the lower or loaJ- 
ing position, the air being much compressed, but it cannot force iht 
' liquid back into the recoil press since the ^-alves are " non-rttum" 
valves. If the charge be reduced, the gun is not brought quite down. 
A pump is provided for completing the lowering, or to bring the gun 
down without firing if required. 

\^'hen the gun is loaded, and all is ready, a valve is opened, and 
the liquid passes from the air compartment into the recoil cylinder, 
the ram is forced out and the gun rises, coming gradually to rest 
in the proper firing position, owirig to the gradual automatic closng 
of the inlet valve. The gun having already been properly trained on 
the target, it can be fired immediately it is up, thus it only remains 
in an exposed jxisition for a very short interval of time. This mount- 
ing, though originally designed for 6-inch guns, has been applied 
with the greatest success to 68-ton (13J inch) guns, the energy of 
recoil being in this case 730 ft.-tons. 

Referring to the figure, it will be seen that the recoil press has 
trunnions which rest on bearings in the platform. Thus the press 
can accommodate itself to the circular ^ath of the upijcr end of the 
ram. Two rods connect the breech end of Ihe gun to the gear. The 
doiteil lines show the position of the gun when down. The lower 
ends of the rods can be set when the gun b down, so as to give any 
requircil elevation to the gun when it rises. 'I'he gear has a friction 
rluteh in it which allows relative motion when the gear is subjected 
to an txtrA strain, which sometimes is experienced on firing. 
1'here is also an auloiuaiic brake Atted to the ele\-ating gear. Sights 
are provided altogether independent of the gun, which can be " laid" 
when down, and the usaai ^ghts, .w well as leflectii^ sights, are pro- 
vide^l, to be used if tetiuinrd. .\ pump b said to give the requisite 
initial prvttsurc of at>oui 1500 lbs. i>er si{u>re inch, for 39-^ inch gun. 
"Hw |Mt in wluch Ihe gun is mourned is provided with an overhead 
4W pnvcnt the entrance of shells. This disappearirig mounting 
; and h.\s been ado{>ied or copied by many 
X haw been used with some success. 
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■ These have also been constnicled. The principle will be untler- 
i from Fig, 223. G is the giin resting 011 ils platform, which 
s and falls on the ram A, The arcumulator has two large rams 
R, and a much smaller one B. These three r;ims rise and fall 
Khcr, bearing the arrumulaior load. Now if [iress B' merely 
Ininunicates with a neighbouring tank, whilst A' A' form the presses 
g pressure-water to the gun-press C', the pressure in A' and C will 
nifficient to raise the gun. Now let K' no longer open into a low- 
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pressure cistern, but let it, too, act as one of the accumulator presses ; 
ihen ihe pressure of the water per sfjuare inch will be less than 
before, since the weight W is supported by a greater plunger area : 
ihe consequence is the gun will sink downwards with its platform. 
As water goes into the cistern every time B falls, water must be sup- 
plied by a pump, to enable the accumulator to lift the gun to its 
proper position every lime. It will be seen, however, that the 
arrangement acts somewhat like the balance of a hydraulic hotel lift, 
only a very small quantity of water being lost during each operation. 
The expense of this somewhat cumbrous arrangement for raising and 
lowering guns, and the comparative slowness of the action, have pre- 
vented it from being so largely used as might have been expected. 
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Returning again to gttn naaiimlatian on Alps of vxr, «c in 
ihu in manr modem war-diipE Ac S^Bi "^ * aanita id gm*, i 
placed in a nirret, wtiicfa ts nade to Tcnoirc by I 
Tbc movement of the ^trainiiig gcai* is one < 
hjrdraniic macbineiy, cotuideable npiditjr being : 
sleadj aeepii^ morement. SonettiDestbe tniniqg eopnc B|te 
inside the tmret, to which puLaMUu sater is led b j ymy e Oj jail 
pipes, the engine woiking a (anion which geais with a atk on 1 
Rtrret. Ofteo, however, the eogioe ts placed ootside^ this bcaf p 
liabljr the better method. One of die engines is shown in F%. x 
It wiU be seen that it has three oscillati:^ crlindeis with a 




Fig- 124. 

i}peTating cianlts set at 1 20° to each other. The slide iralres of ite 
cylindcrsare worked by rods from an eccentric pomt in 
about which the cylinders oscillate. Each cylindcT has a tereniaf 
valve, but all three reversing valves are worked from one sbaA, this 
shaft bring controlled by cylinders termed the " starting and 
cylinders. A hand-wheel in the sighting station of the turret 
small slide-valve which admits water to one end of the above cfliD- 
ders ; llie pistons of those cylinders move and turn the shaft 
is connected to the reversing valves. This shaft ts aba connected to 
the small slide-valve just mentioned. As soon as the pistons of die 
"■tarting and reversing" cylinders have come to the point necesaiT 
to give the desired speed lo the engines, the small slide-valve >> 
closed, the engines continuing to work until the small sUde-valn is 
set in its centra] or "cut-off" position. It is sometiioes neoessai; to 
stop the turret quickly, heiKc a powerful brake is provided, by 
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of a strong spiral spring, which is always trying to press a block-brake 
on the training engine shaft, but it is kept from doing this by the 
»-aler in a hydraulic cylinder connetted with thf brake. The same 
action of admitting water to the engines releases this biock from the 
shaft, hence directly the engines are stopped the brake is applied. 

Referring to the figure, a hand-wheel in the turret actuates the 
small slide-valve referred to, pressure- water being admitted to the 
"starting and reversing" cylinders G shown to the left, the pistons 
of which act on the \alves which start or reverse the main cylinders 
A. Thus the amount of movement of the valves of the " starting 
and reversing cylinders," and therefore the speed of the engine, de- 
pends on the amount of opening of the slide-valve by hand, though 
it is almost immediat<:ly afterwards closed automatically. 

One trunnion of each oscillating cylinder works a slide valve for 
Ihe admission of pressure or the release of water through the opposite 
trunnion. Pressure is also admitted — at the same time as to AAA — 
to the small cylinder containing the piston which prevents the brake 
from acting, H is the large spring for closing the brake. 

Foreign vessels are sometimes fitted with training gear similar to 
that found on cranes. 'I'wo hydraulic cylinders placed near the 
turret have their rams connected by a pitch-chain, which passes 
round the base of the turret ; hence when one cylinder is opened to 
pressure and the other to exhaust the turret revolves. This arratige- 
ment requires considerable space, and the stretching of Ihe chain 
gives rise to unsteadiness and difficulty. 

It may he mentioned here that manganese-bronze pipes are now 
used for the conveyance of pressure- water in these installations, such 
pipes being stronger, weight for weight, than copper. 

t Hydraulic Capstan for Magazines. 

jace does not admit a reference to more than a few of the pur- 
to which hydraulic power is apphed on such ships as the most 
modem war-vessels of the British navy. An interesting case must 
close our brief notice. The use of a hydraulic capstan for moving 
heavy ammunition in magazines saves much labour. 

The magazines are fitted with a complete system of machines. 
The way in which the ammunition is stowed — the shell, &c., being 
in long " bays " divided into compartments— admits of the use of an 
overhead travelling crane for fore and aft transport, as well as 
hydrauhc purchases— very similar to hydraulic cranes^for hcMSting 
and traversing. The projectiles are thus hoisted and traversed over 
to bogies which run on rails ; they are then brought to the charging 
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[es, which work up and down the ammunition shafts. These cages 
: fitted with safety gear, the suspending wire rope being Tastened 
I levers which bear teeth at their other ends, which, if the wire 
aks, are forced against the guides and support the cages. The 
jhydraulic rammer," a beautifu! contrivance, lakes the ammunition 
1 the cage and forces it into the gun. 

The hydraulic capstan forms a useful feature of the magazine 
Ichinery, by which the haulage of the bogies containing powder- 
be readily effected. Fig. 125 shows the arrangement 
fcne of these, consisting of a bollard worked by a small oscillating 
rylinder hydraulic engine, the cylinders being set at 120° to 
other. The pressure water is admitted by a throttle- valve 
iked by the foot, a spiral spring closing it when the foot is 
^ovcd. The trunnions of the cylinders have ports cut in them, 
1 these ports are brought into the pressure and exhaust positions 
f the oscillation of the cylinder, in a way fully described under the 
tiding " Hydraulic Engines." 



XXVI. 
HYDRAULIC MACHINE TOOLS. 

Prohablv in no department of engineering has the use of hydraulic 
power met with more success than in its application to certain 
machine tools. This success is due to the peculiar suitability of 
pressure-water as the motive agent for the performance of a certain 
class of operations requiring the exertion of a great force with com- 
paratively slow motion, as in punching, riveting and the like. 

The widespread and successful use of hydraulic machine tools in 
our time is largely due to the talent, energy, and persevering initiative 
of the late Mr. Ralph Hart 'I'weddell, M.Inst.CE., who may be called 
the father of the system. Mr. Tweddell was educated at Cheltenham 
College, serving his apprenticeship with the firm of Messrs, R. and 
W. Hawthorn, of Newcastle-on-Tyne. Whilst there, Mr. T«'e<l<telt 
gave evidence of his inventive powers, and took out his first patent 
at the early age of ao. His attention was soon attracted to the 
wasteful and imperfect methods of transmitting power, then exclu- 
sively employed in engineering works. In large works, often covering 
many acres, either wasteful steam pipes to operate motors, or the 
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usual cumbrous and noisy shafting and gearing were alone 
to transmit power, often over long distances. Especially when iKs 
power was used intermittently, and yet, to be always available, tk 
shafling must continually revolve, as when used for such operationsM 
riveting, puncluug, shearing, &c., it became evident to Mr, Twe<iM 
that a more efficient system was necessary. Yet the first successftii 
attempts to transmit power by hydraulic means, and utilise it for thij 
class of work, were made rather with a view to improvemeDt of ibe 
work than greater efficiency. 

The first hydraulic machine tool was a small one, constnicted for 
the purpose of tightening the ends of the tubes of marine boiltts in 
their tube-plates. This proving successful, the inventor's attention 
was next directed to some of the other weak points in the processtt 
then employed in boiler construction, and the bad character of the 
riveting seemed to offer a promising field for improvement. 

Steam pressures increasing meant thicker plates and more of them 
to be riveted together with larger rivets, and as hand-riveting did not 
improve, hydraulic power was tried. This proved a great success, 
Tweddell's first stationary riveter, made and used by Messrs, Thomp- 
son and Boyd, of Newcastle, proving the advantages of the 
system. Mr. Tweddell patented his first stationary riveter in 1 
and his portable riveter in 187a. Thousands of hydraulic riveten 
have since been made, and this method of riveting is now specified 
for in all high-class work in which it is possible to employ it. 

The peculiar fitness of hydraulic power for such woric is evident 
when we consider that in riveting, say, railway girders, a pressure of 
40 tons — equal to the weight of a large locomotive — has to be ajiplied 
to the hot rivet in order not only to property form the head of ihi; 
rivet, but at the same time to bring the plates into closest contact 
and cause the rivet to fill every part of the hole. The pressure of 
the water being known, the greatest force the hydraulic riveter can 
exert can easily be calculated, and this force cannot be exceeded. 
nor the machine strained, as an ordinary riveter would be if fonied 
beyond its capacity. 

This is where the great adv.intage of hydraulic riveting comes in, 
some of our largest riveting machines exerting on the plates a final 
squeeze of as much as 150 or aoo tons; thus a large number of 
plates can be brought very closely together and the rivets, often 9 or 
10 inches long, forced into every portion of the holes. 

Another important advantage is that the stroke can be varied as 
required, this variable range of travel being practically unobtaituble 
in geared machines. 
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After the excellence of the work done by hydraulic riveters was 

uly demonstrated, punching, shearing, and other machines actuated 

the same way quickly came into use, and the great efficiency of 

a system of machines driven by water from one central source, 

ne apparent. The long lines of shafdng, with their attendant 

1, noise, and danger, in many cases gave place to hues of piping 

i out of sight in the ground, meandering in and out by curious 

[hs to the machines to be supplied. The power thus available is 

stored up in the pipes and accumulator, and when there is 

D demand for it there is no waste — unlike the revolving shafts and 

iring which are aln'ays wasting energy if avaihble for immediate 



In what maybe termed the manual h^drauhc epoch h)draulic 
ichines somewhat like the hjdraulic jack were emplojed Fig 2z6 
lOws a section of one of these g 

machines, a hand punchmg bear 
H is a stout ram capable of mo\ mt; 
in a cylinder fonned in the cist 
ing which constitutes the frame 
work of the machine This ram 
is rendered watertight by i cup 
leather F, which is fastened to the 
top of the ram by a set screw and 
washer. Above the ram is a casing 
containing a reservoir A usuall) 
filled with water. On working the 
upper handle, water is first drawn 
in and then forced down by the 
pump-plunger, seen inside its barrel 
D, into the space abo\e the ram 
Thus the ram, with the punch let m 
to it as shown, is urged downwards 
and the ]»unch forced through the 
plate placed in the space or jans 
underneath. p. ^^^ 

The lower handle is provided for 
withdrawing the punch by admitting pressure water to the annular 
space under the head of the ram. 

This machine is slow and its power very limited, though it proved, 
n those early days, a useful portable apparatus for small jobs, 
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strong ja«'s movable aboui a hinge at one emi. having the nvecing 
dies for shaping the rivet at their other and opposite extremities 
The jaws and dies are closed on the rivet by the ram of a small 
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■ ss which forms one extremity of shackles embracing the centre 
'■ riveter. The jiressure water is led to this press by a more 
li.NS flexilile jiipe, and as the ram emerges from its press the shackles 
jiress the dies tightly on ihe rivet and plates. Worm and worm- 
wheel gearing arc provided for turning the machine into various 
ilions. Of course in riveting — unlike punching — very little power 
111 for a back stroke. Tiie machine can readily be altered 
to rivei at either end, or can be made to suit different sizes of 
This riveler, patented in 1871, was used to rivet up ships' 
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It was somewhat expensive, and not so well suited for heavy^ 
S a direct-acting maehine. In the following year the f 
was riveted in situ on an English railway by portabW 



The frames and keels of our great .Atlantic" liners were sooo'fl 
vried almost exclusively in this way, and portable riveters graduallyl 
■ 'n-clopcd into neater and more perfect forms. Figs. 218 and i 
■bow tjpical modem instanres. and modifications by others, of I 
dik'U system. In Fig, 118 the ;aws arc movable about a piv( 
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or gudgeon placed nearly centrally, the hydraulic cylinder and nin 
being (in section) curved to arcs of circles with the axis of this 
gudgeon as centre, and thus a very compact machine is obtained; 
the egress of the ram under the influence of the pressime mia, 
which is led from pressure mains to the curved cylinder \if ite 
flexible pipe shown, causing the closing of the dies on the riv« ind 
plates. 

Another form of portable machine, in this case direct-AC^.c 
shown in Fig. isg. Here the framework of the riveter ts a nlid 




piece of metal with the press immediately over one of the dies, to 
which the ram is attached. The provision for slewing is shown in 
the figure, the flexible pipe allowing any necessary motion, Tlus is 
really a small stationary machine, supported and moved by suitable 
gear. The pressure water which is used to work the macliine is also 
employed to actuate the suspending gear. Tiiis is an advantage as 
many of these portable machines weigh several tons, and arc capable 
of exerting a force of 30 Ions on the rivet, closing three 



s per minute. Fig. 230 shows an interesting application of such 
ichines to rivet up the keel of an Atlantic liner. 




In Fig. 331 is shown a section of a portable riveter. The die D 
is forced out by pressure water acting on the main ram R, which 
contains the plate-closing ram P : to the latter is attached the plate- 
closer C. Q is a ram under constant pressure which withdraws R 
and P, when the cylinders of the latter are opened to exhaust. 

Water is admitted to act on P, through the telescopic joint 
formed by T and E, whilst pipe S conducts water to act on R, and 
the constant pressure ram is acted on by water admitted at A. 

The riveter is slung by L, and is allowed to swivel by the joint 
alj- 
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Fig. 231 shows a combined punching and shearing machine of the 
stationary type. There is a cylinder and ram for punching, also a 
separate cylinder and ram for shearing, and an additional set for 
angle cutting. Two pipes communicate with each cylinder, one for 
pressure and one for exhaust. Piston valves, worked by the levers 
shown, t:ontrol the motion of each ram. When the pressure water 
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is exliausted from each cylinder, a piston, which is sliap it 
constant pressure, causes the working ram to rise. There i 
automatic cut-off gear for restoring the levers lo their shui-oET pounce I 
wht;n the main ram reaches the extremity of its downnaidismitc. J 
Small cranes are provided for handling the plates. 




\ 
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Fig, J33 gives a view of a large stationary riveter, capable of cseii- , 
ing on the rivet and jilates a closing pressure of 150 tons. 

The next figure but one gives a view of the valves and otiw | 
internal parts of a similar machine. 



I 
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Internal Arrangements of Stationary Punci 
Machine, 

A section of one of Twetldell's hydraulic punching 
shown in Fig. 134. B is the main ram, lo which is altached t!ie 
punch P. When B is forced out of its tyiinder A by the ingrest of 
pressure water at C, the punch is forced through the plale, which hu 
previously been placed over the die D. K is a small piston wto» 
rod is R. This piston is used for withdrawing the punch, the spKe 
under K being always open to pressure. The upjier side of K » 
open to the atmosphere. The spaces at S are tilled with hemp or 
other packing. The method of making B and R water-tight by V 
leathers is clearly shown in the illustration. The lever L is coruiwlrf 
to the hand lever which works the controlling ^-alve, so that when 
punch has pierced the plate the space C is opened lo exhaust, ; 
piston K nithdraws the ram B. 

Section of Stationary Riveter, 

In Fig, 235 are seen three views, including a section, of a laip 
hydraulic riveter, such as that shown in Fig. 233, with Tweddc^ 
patent water-saving device. The arrangement may be briefly de- 
scribed as follows : — 

The cylinder M, working on the fixed ram K, bears the riveung 
die D, whilst inside M works the piston R, which is connected 10 flit 
annular plate-closing tool C. The heated rivet having been placed 
in position in its hole, D and C are advanced to the work by ihe 
automatic drawback piston S, pressure water being admitted to boih 
sides of it by the two pipes P P', the advance being due mainly to 
the preponderance of pressure on the full or face area over that on 
the annular area of this piston, but assisted somewhat by low-pressure 
water, which is, at the same time, taken into the main and plate-dosing 
cylinders from a tank at a height of about ao feet abc 
The cupping die and plate-closing tool having been brought uptolbe 
work, pressure water is now admitted to the plate-closing cylinder, the 
annular tool C pressing the plates closely together. Pressure water 
now enters the main cylinder through the lower of the three valves 
a, b, c, the die D closing the rivet with a pressure due to the dif- 
ference of the areas of the rams K and R, some water passing from 
the plate-closing to the main cylinder through the common pressure 
pipe, to allow the latter cylinder to move relative to R. The 
sure is kept on the rivet for a little while until it cools somevdnt, 
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To avoid complication, all ihe details of valves are not shown in 
"^'fte figures, but it will be understood that there are three levers at L, 
which work the valves. 
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HviiRAL-MC Forging Press. 

The hydraulic forging press was first introduced at the irorks of 
Sir Joseph \Vhitworth & Co. Sir Joseph Whitworth sti^ested flie 
application of high pressure to steel castings of all shapes, as well as 




to ingots, This was found impracticable, but the managing direcloi 
of the Company, Mr. Gledhill, tried the forging of ingots by i 
suitable press after compression. 



Flanging Press. 

These forging presses are now used in many of the leading rail- 
tid other works. Fig. 236 shows one of these machines. They 
: made to exert a force of about 10,000 tons at each blow or 



HvDRAULtc Flanging Press. 

A large flanging press of Tweddeil's system is shown 
r!:;t; marhinf= fornn.'rly tn use exerted a force of. sa 




finishing the operation of flanging in one heat, and giving 
which — passing through the same dies — were identical. 
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For the heaviest marintf work this machine is unsuitable, indB 
cost of a machine to do the work on this principle would lie !«» 
hibilive. The danger shown in the illustration does the «otfc'^!«p 
by step." Instead of having dies and blocks the fuU sii* <f ite 
work, a small segment of a circle only is used, and the plaie^faninB 
been properly centred, is 
turned round, and having 
been seized and held firmly 
in place on this segment by 
one ram, another descends 
and turns the flange over, the 
o]<eration being completed by 
a third ram, which comes for- 
ward and squares up the 
flange. The operation is 
thus performed in 
similar to that practised by 
hand, but the blow or pres- 
sure is from jo to loo tons, 
instead of numberless 
blows being delivered by ham- 
mers. As before, the rams 
move in the exhaust direc- 
tion by the action of a sepa- 
rate ram or piston, which 
is under consL-tnt pressure. 
The illustration shows clearly 
the position of the rams and 
the general construction of 
the machine. 

Hydraulic Plate 
Bender, 

One of Tweddell's hy- 
draulic plate-bending presses 
is shown in Fig. %^i. Bend- 
ing boiler plates in hydraulic 
presses is not a new operation, Mi 

being probably the first to adopt this method. The method is much 
BUperior to rolls, as ihere is much less risk of fracture of the iJaie. 



Plate-Bending Press. 

Besides, the cosi of rolls sufficiently powerful to bend plates of i % 
thiclmess is great, and there is difficulty in bending the plate ti 
true curve required, at the end which last leaves the rolls. 

Mr. Tweddell's bender has the advantage over others of a 
type of having the girders which bend the plates placed vertically so 
that the plate is fed as shown in horizontal section in Fig. 239, and is 
thus easily handled. 

The very ingenious parallel motion used in the multiple punching 
Mid plate-shearing machines of Tweddell's system is used to work 
the moving girder. 

The machine consists, as will be seen from the illustration, of two 
I'ertical fixed girders united by a common bedplate, and also 
{irder. In Fig. 238 a portion of this 
prder is moved upwards out of its 
seat. The inner edge of the outer 
jirder is convex (Fig. 239), the oppo- 
iile edge of the moving girder being 
toncave ; hence, when the latter ap- 
>roaches the former, it bends the plate 
.0 the required radius. It is not neces- isz 
ary that the dies should come together 
iO that the plate fits accurately the 
•pace between them, as it has been 
found that it is sufficient if the dies 
bear on three points, but there must 
be a suitable gear to regulate the 
moving die to travel the proper dis- 
tance at each stroke, this distance 
being constant throughout the opera- 
tion, so as to ensure uniform curvature, 
Mr. Tweddell's parallel motion secures this. 
s fixed to the back girder, the top of the 
:ross-head carrying 
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The hydraulic cylinder 

1 being attached to a 
' means of two side rods two. 
tiniilar rollers are raised, simultaneously with the lop ones. Two. 
Itnttght facing pieces are on the moving girder, whilst on the back 
itandard are two inclined planes. The rollers, which are in contact 
with one another and with the above bearing surfaces, are pushed 
Lip by the ram, force the moving girder forward, and press the plate, 
the return motion being effected by gravity, assisted by a hydraulic 
cylinder on the back girder. 

These machines will Like in and bend cold, steel plates \\ inch 
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thick and 13 feet wide, to the final curvature at a speed of firan 
2 to 2j^ feet per minute. The length of the plates is, of comsCi 
unlimited. 

Advantages of Hydraulic RivETiKa 



In riveting plates together a frictional resistance to sliding b pro- 
duced, almost equal to welding, .owing to the tightness with vlddk 
the plates are held together by the rivets. In fact, this fikbOBil 
resistance has a good deal to do, in the first instance, widi in- 
venting deformation. 

The limit of this resistance is variable ; it depends on the natoR 
of the material of the rivets, the temperatures at which the openlin 
of riveting is commenced and finished, and the method of rivetinj^ 

For a joint consisting of not less than three rivets the foUoviif 
resistances (experimentally determined) may be relied en, the limit of 
elasticity of the rivets employed being quoted. 



' 



Frictional Resistance to Sliding. 
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The ultimate shear stress of the rivets \^-as found to be not less 
than thrt>e-fourths of their ultimate tensile stress. The above experi- 
ments show the superiority of hydraulic riveting. 



Cost of Riveting. 
The foHowing facts in regard to riveting in shipbuUding are 



Advantages of Hydraulic Riveting. 



Hand RiTciiog. 


IlTdnialic Rlnxing. 




liiveling of keels- 
Rivets tloscd in 9 hour*, loo.. 

Ftame riveting- 
Rivets do^ in 9 hours, 300.. 
Beams „ „ 400.. 


JOO (s^me siie of rivets) 


1 

\ 



The relative advantages of hydraulic and hand riveting as regards 
cost and speed may be exhibited in the fonn of curves, as in Figs, 
240 and 241. 

It nil! be understood that there is here shown by each pair of 
corresponding points • on the two curves, say, the cost in two cases 
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iBKEutTive COST 
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"■«f forming 100 rivets under similar conditions; points on the other 
pair of curves showing, in the same way, the number of rivets formed 
in a given time, 

^_ * The actual pobis plotted arc mainly at the apexci. 
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Fig. 24'- 1 

ength of riveted joints, published in the * Proceedings of die lutf' J 
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PUMPS. 



is for raising water are botii numerous and interesring. Many 
more ancient of these are described in Ewbank's ' Hydraulics," 
r space does not admit of a lengthened referfence to them. 
L pump has been defined as an apparatus for lifting water by 
■ motion of a piston in a cylinder. This definition does not, how- 
fer, include such important appliances as the centrifugal pump, nor 
s of the " pulsometer " class. 

%e Syringe, a very ancient apfiaratus, is no doubt the parent of 
e modem pump. 

The Suction, or Atmospheric Pump, is a contrivance for producing 
more or less complete vacuum in a pipe, the lower end of whi<h 
j. immersed in water, and thus raising water to the bucket. Suth 
Ipump requires two valves, one opening upwards, allowing the 
r to pass through, but not to return, the other for exhausting 
^ air and lifting the water raised by suction. 

1641 a Florentine pump-maker constructed an atmospheric 
"sucking" pump, and tried to raise water to a height of 50 or 
[, The attempt proved abortive, though an esamination 
. the pump to be perfect. After numerous attempts, the 
ulty was submitted to Galileo, who was a native of Florence. 
m of such pumps was in those days explained on the priii- 
t Nature " abhorred a void," and by some occult means 
tried to prevent such being formed, or to fill it, if formed, with what- 
ever was most convenient. 

The limit of this occult power was not surmised, and Galileo, 
then an old man of eighty, did nothing more to solve the difficulty 
than to state that this law was " limited, and ceased to operate for 
heights above 32 or ^^ feel." 

Torricelli, in 1643, announced his great discovery that water is 
raised in pumps by the pressure of the air, and by exact experiments 
he determined the intensity of that pressure. 

Pascal, shortly afterwards, silenced objectors to the new law by 
showing that the height of the barometric column was, in accordance 
with Torricelli's discovery, less at the top of a mountain tlian at its 
base. The discovery of Torricelli led to the construction of the air- 
pump, and in 1654 Otto Guerricke, of Magdeburg, made experiments 
with it before the German Emperor and others. 
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The exact pressure of the atmosphere being kno 
llie limit of the height to which water can be raised 
the suction pump came into univereal use. Snce the [oisiUK oi 
the atmosphere is usually about 14' 7 lbs. per square inch, if it »cn; 
possible to produce a perfect vacuum in a pipe — for convanaiR 
the beginner may imagine it to be one square foot in scctioc anil 
bent round under the water so as to present a hortKOntal end U the 
pressure of the air and a slight layer of water over it->tfaii MN 
pressure acting on the water overlying the pipe nould. ncglcning 
friction, compel it to ascend the pipe to such a height as to gin 1 
balancing pressure of 14' 7 lbs, per square inch. Since a dibit bet 
of water weighs 61*4 lbs., evidently 14' 7 x 144 = 62 -4 x ^, «hat 
h is the height of the column of water balancing the air-(vessDR. 
From this it is evident that A is 33 "8 feeL 

The pressure of the air varies from day to day with tbe height of 
Ilie barometer, and it is best to take the case of least pressure, henrt 
for calculation purposes it may be taken that a column of water ji fm 
in height will balance the pressure of the atmosphere. This maii) 
the extreme limit to which water can be raised by suction, but as 11 
is impossible lo produce a perfect vacuum in a common pump, ami 
on account of friction, from 25 to aS feet is found to be the ptactiijl 
limit. If, however, some air be allowed to mingle with the ascending 
column of water, this column being lighter than if composed solely 
of water, may be raised to a greater height than 3a feet, but flw 
stream will be discontinuous and the action of the pump very iinpo- 
feet. 

The height to which water will rise may be calculated in a pvea 
case, somewhat as follows : suppose the fixed clack to be, say, 
from the bucket or moving part, when the latter is at the bottom of 
its stroke. Then, if the stroke be, say, a feet, the air which occupied 
1 foot in length of barrel will, after an up-stroke, occupy 3 feet, 
will be at J its former pressure. Since a perfect vacuum represents 

32 feet rise, this, which maybe called g of a perfect vacuum, will give 
a lift by suction of 32 x § = aii feet. This water will only be 
raised to the clack, but a very s%ht increase of stroke will raise it 
to the bucket. This calculation is, of course, made on the suppos- 
tion that it is impossible to produce a greater vacuum under the 
clack or suction-valve than can be produced above it in one stroke 
if the cbck does not open. The lift will thus be not more than 

33 — h, where h is the height of a column of water equivalent to the 
rarefied air-pressure in the barrel. 

ExampU. — Suppose the suction-valve is 25 feet above tbe 




the stroke r 
foot, and ihe 
distance from 
the bucket to 
(he clack 3 
inches, find 
whether the 

The air filling 

3 inches or J of a foot, after the up-stroke 

fi Is 1 J foot 

= J of an atmosphere; this pressure is 
eiiuivalent lo a column of water J x 
32 feet, or 6-4 feet in height, hence the 
lift by suction is 32 — 6-4 or 25*6 feet, 
and our pump will do If everything is as 
staled, and we can neglect friction. 

The height to which water will rise by 
suction in the case of a ram pump, can be 
found in a similar way, reducing the space 
around and under the ram to an equiva- 
lent length of pipe of the same diameter 
fl'! the ram. 

It will be seen from the above that, 
other things being equal, the longer the 
stroke and the shorter the distance he- 

Itween the backet or piston and fixed valve, 
jhe greater ihs lift of the pump. 
I I 
1fft-B 



Lift Pum 



Fig. 143 shows an old form of wooden 
■Ifft-pump. It is circular i 
being a log of woo:! which forms the work- 
ing barrel with spout F attached. A is 
<-oned at the end and is driven tightly on 
lo the suttion-pipj D, made with a cor- 
responding taper and plugged at M, the 
water entering by the side holes shown, 
working barrel bored out 

>OthIy, or sometimes fitted with a metal 
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liner as shown, containing the bucket B, moved by the pump-rod E. 
C is the suction-valve or clack fastened to the top of D, consistms 
of a flap of leather weighted with heavy wood or lead. The boctti 
valve on its upper side has a similar flap. Once the water passes tbc 
bucket it is simply raised like an ordinary load. 

Let / be the length of the stroke and d the diameter of the banri 
in feet, then the quantity of water lifted each stroke is (negiectin; 
slip) '7854 (^/cubic feet. If the pump makes n strokes per nuoulc 
and the total lift be h feet, the horse-power represented in «atff 
raised is 

^7854 X 62-4 X d^lnk^ 

This rule also applies to a single-acting, and multiplied by 3, toa 
double-acting force-pump, d being the diameter of the plunger or 
piston. The ratio of this power to that given to the pump is vs 
efficiency, which usually increases witli the lift k in pumps of lhi» 
class, as many of the resistances are nearly constant. .A centrifugal 
pump, on the other hand, decreases in efficiency 
beyond a certain value of //. 

The quantity discharged per hour (in gallons} 
is, on the same assumption, = 394 d'^ in for a 
single-acting pump. 

In calculations of suction height, like those 
given above, but of a more practical nature, it 
will also be necessary to make allowance for the 
resistance of bends, orifices, &c., and the slip of 
water past the valve will take probably at least 
6 inches off the height of the column of water 
capable of being raised. The actual horse-power 
given out will be less than that given by the rule, 
on account of these and other disturbing in- 
fluences. 

Plunoer Force-pump. 

When the height to which the water has to be 
raised is considerable, it may be forced part of the 
way, or when the water has to be forced into a 
vessel against pressure, a piston or plunger force- 
pump is usually employed. This must be of a Fig. 143. 
much stronger construction than the lift-pump. 

Fig, 243 shows a small hand force-pump. Instead of a buckel 
a plunger is here adopted, ; this plunger passing water and air-tj 





Plunger Force-pump. 

ihrough a sluffiiig-box. When the plunger is raised, water is drawn 
nio the pump barrel by suction and on the down-stroke the valve A | 




closes and C opens, the water being forced up the pipe to the spout 
which may be at any required height above the plunger. Tb( 
hydrostatic pressure the pump must withstand may be calculated a 
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the pressure due to a column of water of the height of the qMO^Mkl 
the amount of water entering the delivery pipe each stroke as dai 
of a column of wnier of the cross-section of the plunger, und s«n>e 
length as the stroke of the latter. 

Care must be taken that the pump-ptunger does not move &ster 
than the water can enter behind it, else the plunger on returning wiB 
meet the water, ami a shork vi\\\ resuh. The pressure produced by 




such shock may be great, and is a matter of extreme importance in 
all calculations of the strength of pump-barrels, pipes. &c. (See 
p. .88.) 

A form of plunger-pump much in use is shown at Fig. 344, 
where R is the horizontal plunger or piston, moving water-tighl 
through the gland G, but not necessarily filling the barrel B. A is 
the suction-valve up through which the water ascends on the back- 
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^■id stroke of R ; on the fonvard stroke water is forced through the 
^BB very- valves C and D and the delivery-pipe P. Two valves are 
^Hvided lo ensure the non-return of the water in the event of one 
^H|ve sticking, also to enahle an examination or repair, of that part 
^Bthe pump outside C, to be effected. The valves are ball-valves, 
^Hich are now much used. This fonn of pump is convenient, and 
^Hnuch used for forcing the feed-water into steam boilers, &c. The 
^Btnp is single-acting. 

H Three-throw Pumps. 

^K A combination oi three pumps, generally single-acting, all driven 
^■OiD one crank-shaft by cranks set at angles of 110° to each other. 
BE often employed : offering a more uniform resistance than single or 
double pumps, and giving a nearly constant discharge. 

Fig. 245 shows a neat little combination of a three-throw Gould 
pump driven by a Robinson hot-air engine. Each pump is single- 
acting, its piston being of the "trunk" type; i.e. it is a cylinder 
closed at one end, to which is attached the piston-rod, which also 
fomis;the connecting-rod, and which oscillates inside the piston as 
the crank revolves. The suet ion- valves are at one side of the base, 
and the deli very- valves at the other side. Instead of an engine an 
electric motor is often employed to drive such pumps, wnere current 
is readily obtainable. 

DouiiLE-AcriNG Pump. < 

Fig. 246 shows a form of double-acting pump, in which A is the 
working barrel, with one suction and one delivery pipe. When B 
moves forward F opens, admitting water to A, G also opening to 
allow the water above B to pass to the delivery branch K. On tlie 
down-stroke F and G close and E and H open, [Kirt of the water 
in A being forced through H, and water entering by E behind B 
as required. There are many forms of double-acting pump, but this 
will expktin the action. 

The Davidson Steam Pump. 

There are, of course, many forms of steam pump. A good, and 
somewhat peculiar form of single-cylinder steam pump, the Davidson 
steam pump, is shown in Fig. 247. 

It has one steam and one water cylinder, and is double-acting. 
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The peculiarity of the pump is its valve-motion ; the valve — a cylin- 
drical valve — is moved both by steam pressure and by medmnial 
means. 

The valve, as will be seen from the figure, is attached tO tW 
pistons which assist in moving it. In the exhaust passage is a CUB 




which is rocked by an arm connected with the piston-rod. This I 
cam engages a steel pin attached to the valve, and it not only moveS'l 
Ihel valve axiaily, but also rocks it on its axis. By moving it round! 
on its axis, passages are opened and closed which admit steam to orfl 
exhaust it from one end or other of the valve-chest. If we imagine! 
one main steam port completely open, the first motion of the cam I 
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will be lo turn the valve on its axis, thus, in due time, bringing ic 
into position to admit steam to the auxiliary piston, thus moving the 
valve. The valve will then be closed mechanically slightly before 
the end of the main piston stroke, so as to cushion the steam in the 
main cylinder and bring the piston to test. The next motion of 




the cam will be to open the other auxiliary port to steam, and the 
last to exhaust, and so on, The pump has thus no dead centre. 
the auxiliary ports being opened whenever the main ports are closed. 
The mechanical movement of the valve ensures uniform length of 
stroke, and also ensures that, at a high rate of speed, the valve shall 
be carried by a mechanical connection. 



DuPtEX Pumps. 

A duplex pump consists of tjoo sets, each consisting of a steam 
liiston and a pump-plunger, usually connected directly together, and 
each working in its own cylinder. The great feature of a duplex 
pump is thai the movement of the steam-valve of one steam cylinder 
is effected by the piston of ihc otlier steam cylinder. This arrange- 
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ment allows the water-pistons to slop or pause momentarily at the 
end of each stroke ; the waier-valves thus find iheir scats wilhoai 
shock, and the pump wears well. The pistons whilst in mobon 
move with a nearly unifonn velocity, not like fly-wheel iniqips, in 
which the pistons being driven from a crank going round unifonn!)'. 
have a varying velocity. Water is delivered by duplex pumps in a 
constant stream, and without that concussion noticeable in Olba 
kinds of pumps. The duplex pump is the invention of Mr. Heniy R. 
Worthington, 

The Worthington Steam Pump. 

Fig. 248 gives a good example of a modem duplex pump, show- 
ing one side or set of steam and pump-plslons and valves, of Ae 

simple form of the pump. 

The steam-piston A and the pump-plunger B are on the same rod 
which gives motion to a swinging arm I', at the other end of the spindle 




Fig. 24S. 

ol which is a similar but shorter ann connected to the valve of the 
other steam cylinder, E, the valve of the cylinder shown, is moved 
by the piston-rod of the further set. Thus, when A moves forward 
to the end of the stroke. A' (its neighbour steam-piston) should be 
at the back end of its stroke, which will move £ to its back position. 
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opening the forward port in pnier to force A back again. The 
^team-valve has neither lap nor lead, but as soon as the piston covers 
■*he first port, which is the exhaust, the steam in the cylinder is 
cushioned in front of H to prevent it striking the cylinder-cover. 
Each piston when it reaches the end of its stroke waits for its valve 
to lie moved over by the other steam-piston before making the return 
stroke, there being, as the cut shows, a certain amount of free- 
dom or slack between the nuts on the valve-spin die, which allows 
.1 sjiindle to move some distance before acting on its valve. A 
■'itniliir motion is obtained where Corliss valves are used, by having 
ihc lever working the valves attached to a pin working in a slot. In 
ihis way the pump-valves get lime to seat themselves quietly, and 
iH'ar well, there being smooth and natural motion. As one or other 
siL-am-valve must be always open, there is no dead point, and the 
pump is always ready to start. Intlia-rubber valves ate shown on 
the pump end, but it must be remembered that this material is 
unsuitable for such purposes as forcing water into steam boilers, for 
Working against heavy [iressures, or for pumping hot water. 

In the latter case the water, if over 150" F. in temperature, 
should, if possible, be allowed to fiow into the pump-barrel, as it is 
<liflicult to lift hot water by suction, a sufficient decrease of pres- 
sure causing boiling of the water. The difficulty increases with the 
temperature of the water. 

Rankine's formula; connecting the pressure and temperature of 
the boiling-pobt of water, are as follows :— 



log/ = 



^., 



where / is the pressure per square foot, and T the absolute Fahrenheit 
temperature (= ordinary Falirenheit temperature -|- 461). 

This formula may be used when T is known and/ is required. 
\ip is known, T can be found from the inverse formula, which is 
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A - log/ I 
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logC = S'59S73; 
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The pressure produced above the hot 'raier may 
-IS before, knowing the dimen«ons of the pump, w 
)>erature of the boiling-point of the water can be d> 
the second formula. This temperature must be considenbljr 
than the actual temperature of the water if the pump is 
properly. 

Example. — An ordinary sucbon-purap is applied to lift rater U 
a temperature of no" F. The distance between the burket aad dK 
suction-valve at the bottom of the stroke is 3 inrhes ; (he stroke 
being 6 inches. Imagining the suction-pipe to be very shon. ud 
that the pump is filled with air to b^n with, find if the water «iD be 
lifted or if it will boil ; also the temperature at whirh it will boil 

Am.—\\ will be lifted. It boils at 161° F. 

WORTHINCTOS CoMPOlTNI* HlGM-DUTl' PLMPIXG EnGISE. 

This engine, shonii in section in Fig. 249, has been brou^ » 
great perfection. It consists of two pairs of tandem cylinders, 00c 
|iair being shonn in the cut, with similar ones at the back of thest 
Each engine works its fellow's main steam-valves. These 4taB^ 
valves are of the cylindric semi-rotative or Corliss type, placed A 
either end of each i7linder, the clearance being small. They wott 
in chests cast on the cylinders, and are actuated by an arm from ilie 
piston-rod of Ihe other enpne, after the duplex method alio"!? 
eKplaioed, but the cul-off valves are actuated by an arm attachol l" 
ihe piston-rod of their o-wn engine, lliese valves being partJtlij 
balanced. As the steam passes from the high-pressure cylinder A 
to the low-pressure cylinder B it passes through a re-hcater R kepi 
hot by steam at boiler-pressure. The condenser is usually under- 
neath, as also the air-pump (shown in the cut). The stiam tboi 
passes ffom the boiler to A, from K through the re-heater to B, 
and from B to the condenser, from which the water and vapour are 
withdrawn by the air-pump K. 

The pump end of the engine consists of two watcT<ylindas C 
placed side by side— one is shown in the figure — with suctioo- 
chambers below. They are connected by a rross-suction pipewiiha 
single opening to the suction-main. They have also a cross delivety 
pipe from the delivery chambers, which are above the water-cylinders, 
with a single opening to the delivery main, the cross-ddiveiy (Hpe 
being surmounted by an air-chamber, kept at proper pressure by 
fimall independent air-compressor. 

Each water-cylinder has a diaphragm cast in the centre of it, with 
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ngs lined with composilion metal, through which the tJouble-acting 
ump- plungers— each of which is attached directly to the steatn 




iston-rod of il> engine — work. The valves of the water-cylinders, 
suall)- india-rubber discs, are hfkl down by spiral springs. 
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HlGH-DUTV COMPBNSATtMG ATTACIUIENr. 

This atiachnient constitutes a feature of the modem piunp. It 
necessary to high economy of steam that it be used expansiwly, b 
this gives high pressure at the beginning and low pressun 
the kter part of the steam-piston strolte. To compensate for ihisil 
I ylinders V V are provided, which are connected liy a pipe p 
liirough the hollow trunnions on which they oscillate. These 
ders contain water al a certain pressure (say 300 lbs. per 3 
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md the plungers which work in these cylinders are atD 
(1 piston-rod or pump-rod, and work in a manner ejq 
by the seijaraie cut. (Fig. 250.) 

The pressure in these cylinders acts against the steam pre 
in the first part of the stroke, and with it in the latler part of it- 
will be understood that the cylinders communicate with each oj 
and with a pipe in which water is kept at a fairly constant pTC«| 
by a small iniensifier worked from the air-vessel of the p 
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diagrams in Fig, ago show very clearly the function effected hy this 
arrangement. 

Part B shows indicator diagrams (reduced to low-pressure piston 
area) taken from the high and low-pressure cylinders of one engine. 
r is from the pump of the same engine, whilst in D the curve/, h, k 
..riws the resultant pressure due to the compensating pistons as 
ley assume the angles shown in A, and comliining this with the 
.liective pressure line a, b, coi the steam cylinders, we get the line 
fy b, g, showing the resultant pressure transmitted to the pump- 
plunger, which agrees very well with C. 

The attachment also acts as a safety device or governor, for if a 
main breaks, the pressure on the compensating pistons being reduced 
or taken off, the stroke of the steam-pistons is shortened, or in some 
eases they are brought quietly to rest, being unable to complete the 
stroke without the help of the auxiliary piston. 

Duty. Efficiency. 

The reader will notice that these are calletl " high-duty" engines. 
The "duty" of an engine— a term not so much used as formerly, 
hut still applied to pumpbg engines — means the number of fool- 
jiounds of work given out per hundredweight of coal burnt in the 
boiler furnaces. Professor Unwin, in 1888, made some testa of one 
of these engines at Hampton, and obtained a duty of 1 10,000,000 ; 
whilst Professor Kennedy's tests, in 1894, at Homsey Sluice, of a 
triple-expansion engine by a London maker, differing slightly in 
ilctail from that shown in the section, gave the very high duty of 
139,500,000; the coal burnt per pump horse-power-hour being in 
tiat rase only 1-59 lb. 

The efficiency of the boiler, or fraction of total heal of combustion 
of the coal taken up by water in boiler was 80-4 per cent., whilst 
the mechanical efficiency of the engine, i. e. the ratio of the pump 
horse-power to the indicated horse-power, was 84"4 per cent. 

Some Useful Memoranda. 

It is impossible, in our brief space, to go into all tlie details of 
pmnp design, but a few useful data may be given. Some different 
forms of valves have been shown, and books may be consulted as 
to other forms. 

If the valve area be too small for the plunger area, the pump will 
be noisy. The area of clear water-way through a set of valves should 
not be less than about 40 per cent, of the plunger area if the plunger 
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speed is 100 fe«t per minote. At 3 speed of 135 feet per nnnUe 
tbe valve area should be iocrcased to 50 per oenL. and so on, t2l it 
100 feet per minute tbe valre area will equal the plimger tia. Tlus 
area may be obtained by making few i-atves of lai^ area, but n 
mint be home in mind that vbiUt ibe valve atea (naiallT 3 drclc| 
increases as the sqaare of Ibe diameter, the cimunfereiKe — >bch 
determines for a given lift the discharge area ander the valw— 
increases only as tbe diameter. Hence, if «e make fev vahes, «e 
must increase the lift of each so as to give sufFtcient discitaijge ana. 
and this consideration limits die dimimition in the number of vahc 
Merhanicalty opetated valves are now coming into use for 1^ 

The necessity for an air-chamber ts apparent on sii^e^cdng 
pumps, but even on duplex pumps it is alw-3>'s found. Its torn m 
not of much importance, but its size is of great importance Foi 
hi^-speed pumps like fire-engine pumps it should be five or six tnao 
the capacity of the water displaced by a stroke of the pomp-plm^^, 
nhilst for double-acting duplex pumps half of this capacity will do. 
It should be on the highest pan of the pump, over the ddiTcry 
opening. There is usually on large pumps a sepatate air-pump lo 
keep the air in the chamber at the proper pressure.* 

Discussions have taken place as 10 the utility of an air-chamber 
on the suetion side of a pump. The flow of ifater into a pump is 
often continuous, whilst the discharge is non-continuous ; hence an air- 
< hamber is of use to obviate the " water-hammer action " and other 
disturbing effects due to an attempt to reconcile the two kinds of flow. 
Its size may be about half the capacity of the discharge air<hainbet. 

When suction-pipes are long and crooked this " vacuum " chamber 
is a necessity, and should he placed as near the pump as posablc. 
The velocity of flow in a suction-pipe ^ould not exceed aoo feet 
per minute — on good pumps it is much less — and the pipe should 
be everywhere of the same diameter, with few bends. 

Thk ■' P1JI.SOMEIER " Pirjip. 

Those who are familiar with the history of the steam engine will 
remember that, towards the end of the seventeenth century. Captain 
Savery raised water by condensing steam in a closed vessel connected' 
by a pipe with the well. This vessel being not more than 3a feet 
above the surface of the water, the vessel was filled with water on the' 
formation of a more or less complete vacuum by the condensation 
• See Appendix. 
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of the situtm. The water was then raised to a much greater height 
by the pressure of slt^m from a " strong boiler " acting on the surface 
of ihe waiet. This is the principle employed in pumps of the 
•■ piuhoraeter" class. There is necessarily a good deal of condensa- 
tion during the pressure 
portion of the operation. 
Hence a high efficiency is 
impossible with such a 
pump; but the simplicity 
of the pump, the absence 
of a working piston or 
parts readily choked by 
sand and dirt, and ils port- 
able nature, render it a use- 
ful apparatus in many cases, 
and readily applicable in 
emergencies. 

A section of the best 
known form of this pump 
is shown in Fig, 251. It 
consists of a casing » 
two chambers A A' side by j 
side, meeting in a neck con- | 
taining a ball-valve I which \ 
admits the steam alter- 
nately to either chamber. 
There is also a central air- 
chamber C communicating 
with the discharge vah 
F F and the discharge 
openings D D. H H are 
planed covers, S S the 
suction valves. Suppose 
the three vessels to be 
sufficiently filled with water 
through an opening in C, this water being prevented from es- 
caping by a foot-valve ; steam enters through I, displacing the water 
through Ihe right-hand opening D by pressure. As soon as the 
water is lowered below the upper surface of the opening D, sleara 
blows through with some violence, causing rapid condensation in A'. • 
The ball is now drawn to the right-hand side, water rises in the 
right-hand chamber A', the steam entering the left-hand chamber, 




Fig. ^%t. 
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forcing the water there through D, the action being repelled as 
above. Though a good dual is made of the shape of the passage D 
being such as to secure rapid condensation by exposing the maximum 
cross-section for the smallest fall of water surface; as a matter of bet 
it is probable that in steady working the suriace of the water nei-er 
gets as low as D in either chamber. 

The vessel C assists in promoting the steady flow of water ibrougb 
the discharge valves F F, by providing a small head of waier tinder 
which the discharge takes place. Air-cocks, kept slightly open, »rt 
provided on the vessels to prevent shock. 

Often there is placed over I a valve called the " grel." which fotms 
a very important feature of the newer forms of the pumji. 

The " Grel " Valve. 

The use of this valve has added greatly to the economy of tfe 
pump. It admits of the expansion of the steam, which is no longer 
allowed (o follow ihe 
water during the whole 
stroke, but is cut off about 
half stroke. 

Fig. 25a " shows [his 
arrangement. There is a 
modifiefl ball-valve A in- 
stead of the ordinary upper 
valve, and over this is the 
cut-off \alve B, .A. and B 
corresponding to the main 
.ind cut-off valves in a 
Mtjers expansion gear for 
the steam engine. 

The valve B is so con- 
structed that its lower jwp- 
tion forms a jviston wott- 
ing in the cylinder C, 
differences in pressure 
within aiid without this 
cylinder actuating the piston and valve. The cylinder C is coti- 
nected with the steam and pump chambers by the holes D D, The 
action of the apparatus is somenhat as follows. Ulien steam is turned 




Fig. 351, 
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is opened and [he steam flows past A into one of the pump-chain- 
partly driving out the water lliere. When about half the water is 
n out the pressure in 
ecomes suflStient to 
le valve B, closing the 
1 opening, and keep- 
it closed till A has 
:d over to the other 
when the pressure in 

Mrharaber, and B is 

ed, the cycle proctti' 

s before It wdl thtn 

een that after abom 

troke the remainder I 

hork of that stroke is 

rmed by the expand 

sttara shut in the 

ber by the closing of 

ut-off valve B 

his arrangemtnt adds Bfe^S*^3£^ 

ly to the economy of ^^^^^^t^ 

lump (from 35 to 50 B^J^" 

ent It IS said) and it 

renders it impossible 

IV e steam to blow 

ht into the nsing main B^^^^^^^^^ 

end of each stroke, as ^^^^^^^^"^ 
limes happens in badly " " 

ned pumps of this class 
1 tests by Professor 
on Beare of a pump 

with this arrange V^^^^SR^tr 
, about 13,500 ft lbs ^W^^EO^ 
ark, actually spent in 
; water, were obtained 

I lb of steam 
alley s " Aqua-Thrus- 
a pump of the pulso- 
■ class, is shown in 
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Chaih Pumps. 

Where very dirty liquids have to be pumped, such as slurry At Imck- 
works, gas tar, liquid manure, and otlier liquids or semi-liquids, wbidi 
would clog Ihe valves of an ordinary pump, chain pumps are nsed, 
They are really elevators used for fluids. Tbi: 
illustration (Fig. 254) shows a hand pump of 
this type. It consists of a chain possii^ ronmJ 
a pulley, and having discs attached to it at in- 
tervals. These discs fit ihc pump barrel on llie 
ascending side fairly, but not tightly. The 
action of the pump is, of course, simply that of 
an elevator. On account of the considerable 
leakage past the discs they are only used fot 
small lifts, and a liberal allowance for "slip" 
must be made in calculating the probable dis- 
charge of a given pump. The chain wheel is 
made with recesses into which the discs p^ 
as seen in the illustration. 

HVDRAIJLIC PUMrS. 

The term hydraulic pump is here applied to 
a pump which is actuated by pressure water, in 
tj much the same way as a steam pump is actuslei) 

^Vr by stwim. Some steam pumps, such as the 

Fig. 254. W'oriliington pump, can, by a proper mocUfio 

tion of the valves, be used as hydraulic putnpi. 
Fig. 355 shows a good form of hydraulic pump designed hy 
Mr. Ellington, and used at the London Hydraulic Power Company's 
pumping stations, and at the Buenos Aires sewage pumping work 
They are single-acting, with plungers 30 inches in diameter and 
3 feet (some 4 feet) stroke, speed 10 double strokes per minute. 
The pressure- water is admitted by the valve seen at the lop of ibt 
right-hand illustration, to the centre of the plunger to force it down, 
and to overcome the resistance of the constant pressure under- 
neath the side rams attached to the plunger cross-head, which raise 
the plunger when the valve controlling tlie flow of water to tlie cenire 
plunger is 0|>en to exhaust. It will be understood tliat only the 
downward is a working Stroke, in the upward stroke onl)' the weight 
of the plunger, &c., together with friction and suction, h: 
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me, hence the rams acling during this stroke are small. There 
little suction in the Buenos Aires pumps ; the sewage to be 
d runs into the pump by gravity. Tiie exhaust pressure-water 
harged into the purnp cylinders, thus assisting to keep the 
rs clean. The pump is started and stopped automatically by 




n the cistern, 



Fig. JSS. 



o which the wiiter is pumped in ihe case of the 
II the sump/rcw which the sewage is pumped 
Buenos .\ires works. The effiiiency in the case of some of 
ndon pumps, working against a head of 80 feet, has been found 
(ver 75 per cent. 
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^H Pumping Engine for Hydriinlie Supply. 

ACCL-MULATOR PUMPS, 

One or Iwo good forms of 

pumping engine for supplying 

hydraulic pressure mains have 

already been desrribed at 

pages 177 and 291. Fig, 256 

gives a perspective view of nn 

engine by Messrs. Sir W. (;, 

Armstrong & Co., which i; 

much in favour for such work, 
The engine is a direct- 

acting double tandem-com- 
pound, i.e. it consists of two 

compound engines, the cylin- 
ders of each being arranged 

tandem fashion, with one pis- 
ton-rod for the high anct low- 
pressure cylinders, the pump 
plunger being a prolongation 
of this rod. 

The high - pressure cylin- 
ders are fitted with double 
slide-valves, the upper slide 
being so arranged [hat the 
expansion can readily be varied 
by hand — since the constant 
load makes governor regula- 
tion of expansion no advan- 
tage — to suit the load or steam 
pressure, or in case the con- 
denser is out of action. The 
maximum grade of expansion 
adopted is from 10 to 16 vol- 

allowed to expanS to more 
than from 10 to 16 times its 
volume at admission. 

The arrangement of pump 
and valves is shown in Fig. 
2S7- 
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■aler is drawn in through ihe suction-\alve S to fill the s 
the right of P, whilst in the forward stroke of P the «-atPT is Ssr 
charged through the delivery valve D, half of it finding its «» n 
the annular space round O, which is just half the cross-sec liooal »ra 
of P. Each stroke of the pump, by this differential anungenKst, 
delivers the same quantity of water (equal to half the displacement of 
P) to the accumulator. E is a check deli very- valve, alwa>*s now used. 
This arrangement gives easy access to the valves. The two delivery- 
valves and suction-valve for each pump are now frequently, as in the 
engine shown in Fig. 256, included in one valve-box. 

In all these engines a throttle- valve is placed in the steam supplj 
pipe, this valve being actuated by the accumulator load in such away 
that when the accumulator is fully charged the valve closes, and when 
a small portion of the charge is withdrawn the valve is again opened. 
In compound engines working with high grades of expansion an 
automatic arrangement, which admits the steam direct to the low- 
pressure cylinder, is provided to assist the engine to start after being 
stopped or slowed down by the accumulator. 



XXVIII. 
THE HYDRAULIC INTKNSIFIER. 
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Probablv the iniensifier, as such, is due to Mr. Ashcroft, 
patent bears date of i86q. The same principle has, however, be«n 
made use of by many others, at different times, before and since this 
early date, Tweddell's intensifying accumulator, described at p. 175, 
though used primarily for a different jiurpose, acts in much the same 
way as the intensifier. The intensifier is an apparatus for increasing 
the pressure of water in hydraulic mains, pipes, or machines, using only 
the energy of the pressure- water itself to effect the change in pressure. 
But for this distinction a steam pump would be an intensifier. An 
intensifier worked the reverse way is a " diminisher," as a hydraulic 
pump usually is, giving a reduced pressure. The intensifier is in 
some respects analogous to the electric transformer. 



The Bellhouse InteKsifi 

This apparatus, the invention of Mr. Bellhouse, is shown 
lion in Fig. 358. It is much used in Manchester, where 
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are required for presses «'orked from hydraulic or towTi 

I The Belihouse inlensifier is single acting. The high pressure can 

rily be obtained in the up-stroke and consequently on the return 

llie ram the "stack' water must either be alJowed to run to waste 

{made use of in the press it takes up that amount of clearance 

1 the goods and top of the press hence called " slack." It 

i 'oes the same amount of pressing as the pressure due to the 
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Kig. 258. 

small ram on the larger one is about 300 lbs. per square inch. There 
are therefore two methods of using this single-acting intensifier, first 
without, and second with, arrangements for using the slack water for 
pressing. 

The most simple valve for the first method is a single stop and 
let-off valve in connection with the larger ram and pressure supply, 
In this arrangement the pressure is constantly on the small ram, 
Assuming the large ram to be at the top of its stroke, on releasing 
t'le pressure on the large ram the pressure due to the area of the 
small ram forces out the slack water to waste. On reversing the 
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action, and applying the pressure on the large ram, tbe pressure 
liei-omes intensified in the ratio of the areas of the vvo oob. The* 
alternating valves may be made to work automatically. Id tbe secoD>! 
arrangement, Q and M (Fig. 158) are inverted weighted tains «si 
X Y Z back-pressure valves. Supposing large ram at top of its 
stroke, the pressure being admitted to the small ram forces ifac dad 
water into the pipes until such resistance is met with that tbe invenni 
valve M opens, and in the second operation admits the pressse 
water directly upon the full area of the packing press. The third 
action lakes place when the still more heavily w^ghted valiv Q 
opens and admits the pressure on the large ram, which continoes to 
rise until the desired pressure is obtained. 

For fuller information the reader should consult a pi|Mi <>■ 
■ Hydraulic Power,' by Mr. Gilbert Lewis, read befOR Ac 
Manchester Association of Engineers. 

Ordinary iNiejisiFiER. 
A more usual type of intensifier is shown in Fig. 359 ;* tbe xdioii 
of the apparatus is somewhat as folloH*s. Imagine the ram .\ lo be 
at the bottom of its stroke (not as shown). The valve B (see {dan 
at bottom of figure) is opened which admits water from the mains, 
raising the ram K, forcing water out through the valve D and filling 
the interior of A with water at the normal pressure. Valve C is then 
opened, the back-pressure valve G closes, and the pressure inside 
the ram is intensified in the ratio of the area of ram K to that of the 
hollow fixed ram E. In other words, the supply pressure acts on the 
area of A, and the new intensified pressure on the ram E. The fiict 
that E is hollow need not confuse the student, as the «-ater in this 
hollow space is at the same pressure as that acting on E, hence its 
resistance acts as that of any part of the solid annular end of E. 
This " intensified " water i>asses away through the centre of E aod 
the pipe F to the machines supplied. 

In one case the sizes were as follows \ — 

Diameter of A 15^ inches, 
„ E 6 inches, 

Stroke of E 13 feet; 
hence 

Intensifying ratio = -- ^^ — = 6-67; 
Pressure of supply 700 lbs. per square inch. 
• Tlis, anil Fig. 255, from Pioc. Iml. C,K., vois. 




34^ Hydraulic Machinery. 

Intensified pressure s= 700 x 6*67 s 4669 lbs. per square inch, 
minus an allowance for overcoming the friction of the appantos. 
The actual intensified pressure was 4500 lbs. per square inch. 

The water used per stroke was, 

at 700 lbs. per square inch, 106*5 gEHons; 
that given off 

at 4500 lbs. per square inch, 16 gallons. 

Energy wasted per stroke, 
2'3 {700 X 106*5 — 4500 X 16} X 10 ss 58,650 foot4bs. 

Eneigy received per stroke, 

2 '3 X 700 X io6*5 X 10 = 1,714,650 „ „ 
Hence efficiency of apparatus is 

1,656,000 . 

' ^ ' = -96- 
1,714,650 

or 96 per cent. 



XXIX, 
HYDRAULIC RAMS. 

Among hydraulic machines this apparatus is unique, as its action is 
different from that of all other hydraulic apparatus and depends on a 
different principle. 

As the accounts usually given of this principle are imperfect, and 
very often quite incorrect, and as these machines have recently 
received a considerable extension of their scope, it will be worth 
while to consider them in some detail. 

In their generic form all hydraulic rams consist of a pipe of some 
length conveying water from a higher to a lower level, and a valve at 
the foot of this pipe which alternately allows the water in the pipe to 
flow and prevents its flowing. These are the only features common 
to all forms of this machine. The object aimed at is to use the fall 
of a quantity of water either to raise part of it to a hi^er level than 
the origin, or to compress air. 

Considering only the first use at present, if it is desired to raise 
the water only to a slight height (say as high above the origin as the 



origin is above the tail race), the only other parts required arc a 
sninller pipe rising from the lower end of the main pipe B into a 
delivery trough E (see Fig, 360). The action is as follows ; — While 
the water escapes freely 
through the valve C, the 
water in pipe B is acquiring 
velociiyandmomentum. On 
closing of the valve C the 
momentum of the column of 
water in B causes it to con- 
tinue to flow and to rise up in 
pipe D, and some of it (if 
ihe pipes are suitably pro- 
portioned) rises to top of pipe 
D and overflows into the de- 
livery trough E. The mo- 
mentum of the water is thus 
expended in raising part of 
itself, and when it is entirely 
expended, the whole mass of 
the water comes to rest. The 
extra head of water in pipe D 
[hen causes How to Cake place 
in the contrary direction, 
some of the water being re- 
turned to the source A. The 
valve C beitig then reopened, 
the same cycle of operations 
is repeated. This obviously 
forms an exceedingly simple 
apparatus for purposes such 
as irrigation, and has been 
used for this purpose in 
France. An apparatus of 
this kind was exhibited in the 
Paris Universal Exposition of 
1889. Excepting for very low 
lifts, this is, however, an in- 
ctBcieiit arrangement, as a 
eat part of the energy of 




^BgKat pai 
^^■ft watei 



water is wasted in forming eddies during the flow and reflux. 
the lift is considerable, the form of the apparatus is therefore 
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as in Fig. 261, a delivefj* valve F and an air-vessel G heing added, 
which Diakes the flon- of water fairly constant through the n 
main H, instead of intennitlent. 

It is also possilile to use a fall of impure water to raise pure « 
from a M-ell. This is effected by having two pistons on the s; 
rod and working in a double cylinder, the two portions of whkb hive 
no communicating pipes or passages. The impure injection « 
acting on the lower piston, drives it up, and with it the upper, or d 
water piston. Above the clean-water piston there are a suction audi 
delivery clack ; when this piston descends clean water is Atxma m 
from the welt, and when it ascends clean water is drivoi into the ai^ 
chamber of the ram and from thence is forced through t 




he devalcil tank or reservoir. In futt liie impure H 
employed to work a pump which lifts and forces the clean i 
where required, A ram of this class has been used to force water to 
a resen'oir at a height of 53a feet and a distance of three-quaitcr 
a mile. 

Confining our remarks to the form shown in Fig. 261, it is so 
times said the cause of water entering the air-vessel (where tbe 
pressure may be many times that of the head A K) is the "sudden- 
ness" of the closing of the valve C. 

From what has been already said, and the example with which 
we began, it will hardly be necessarj- 10 point c 
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^Bis, or the still greater absurdity of the statement frequently made, 
HlBt the ram " works by a blow." This statemeni is not maile in 
^By good text-book, but it is still current in popular explanations, 
^bd seems to receive some endorsement from the very name of these 
^■Bchines, which seems to imply violence. 

^K The popular idea is, however, not without some foundation. In 
^B, or nearly all, actual rams constructed up to a lew years ago. there 
^MU very evident violence, violence so great that it had come to be 
^Kcepted as certain that these machines could only be used on a very 
^pwll scale. One great source of this violence was seen to be the 
^Bdden closing of the valve C which produced an actual blow or 
^MKk, but it was often believed that besides this the water impacted 
^■1 the valve F with a second or even severer blow. 
^L Many makers tried to diminish the blow of the valve on its seat 
^B adding counter* weights or springs. These devices did diminish 
^B blow, obviously by retarding the shutting, but as the efficiency of 
^B ram was then gready diminished, this confirmed them in the idea 
^^Bt suddenness was of the essence of the action of a ram. 
^M Wc have therefore this apparent contradiction, that, theoretically, 
^■ddenness is not essential, but that, practically, it is. 
^L The explanation is exceedingly simple, but as for want of it the 
^^bclopment of these useful machines has been retarded for many 
^Htrs, it forms a useful lesson in the disadvantage of slipshod 
^■soning. 

^B The blow was. in fact, merely an accident of the particular con- 
Hbnction adopted, and not an essential accompaniment of the prin- 
ciple of its action. 

It is clear that if we shut the valve C slowly nwugh, we may 
dissipate the whole energy of the Rowing water by fluid friction 
through the valve-orifice, leaving none to cause entry into the air- 
\esseL Hence, slow shutting of the valve must, of course (other 
things being the same), diminish the efficiency of the ram. lliis loss 
by fluid friction is, however, quite sufficient to account for the loss 
of efficiency, without the necessity of assuming that the action of the 
water is in some mysterious way different when it presses on the 
delivery valve F gradually or suddenly. 

If we could shut the valve C slow ly ifithont choking the tsiape, 
there is therefore every reason to ex[ietl that the efficiency of the 
ram would not be diminished, and even that it would be increased, 
for the valve C, as ordinarily made, iloes choke the escape somewhat, 
even when closing very quickly, 

This is the essence of the important improvement now to be 
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referred to. It is simply a device for shnttiiig die Tahne C id 
way that the shutting does not check the free flov of the vafeec 

The results of this alteration have been great. The matt impiv- 
tant is that it has made it possible to construct hydianlk: nmi of 
large size. Of course, for the complete attadmnent of this obfcd, 
other alterations in the ancient design had also to be mde^ teoAf 
to greater efficiency ; but it is thb device, and its consequent aboE- 
tion of all violence, which has made the other featmes piactiraMr 
Whereas, before this improvement, the largest practicable sis cf 
efficient rams was that with flow-pipe 4 or 5 indies in diaiirin; 
rams have since been made with pipes 2 feet in diameter, ibe 
velocity of flow being, in some cases, 5 feet per second, inrtcad of 
about I foot, as in the older forms. 

Until lately rams were only useful for what are called dooKtfic 
purposes — e.g. supply of water to dngle houses ; tfaey are nofv fomd 
to be suitable for the laigest water powers, such as for water sbb^ 
to cities. 

Similar machines have also been made for compressing ak 
directly by ^ater power. 

The absence of the imagined " water ram " action in these 
machines is shoMii by pressure diagrams taken from their interior, ot 
which Fig. 262 is a specimen. Their efficiency, instead of beii^ 

less than that of the violent 
rams, is greater, >-arying 
from 70 per cent to over 
80 per cent 

Small rams, say up to 

4 inches diameter of fHpe, 

are still made exclusivelj 

Vy on the general type shovn 

Fig. 262. >" I^ig- 261, and this is 

justfiable, because for such 
small marhinery a certain violence, although somewhat objection- 
able, is allowable, and it is therefore not worth w^e to increase the 
expense of the apparatus to avoid it. The new type of ram is there- 
fore adopted exclusively for larger machines. 

Fig. 263 shows the main features of one of these machines, omit- 
ting details. 

In the figure the letters on the parts, corresponding to those of 
an old-tyixr ram, are the same as those in Figs. 260 and a6i. The 
additional jjarts are an antechamber M and the air-valve N. The 
form of the valve C and the methods of moving it vary with the size 
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of the machine and the kiiiil of work to be done. In this examp) 
(which is of a mochinij with pipt 2 feet diameter) the valve C is a 
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annular slide valve, mid is moved by mechanism outside the ram, 
which is noi shown in the figure. 

The part played by the ante-chamber M and air-valve N i: 
follows :■ — WTien the valve C rises, water begins to escape through ii. 
the water in chamber M of course also escaping. This ( 
valve N to open and adroit air to the chamber. Then, M-hen va!w C 
is again closed, instead of such closing at once shutting off the flow 
in pipe B, it merely diverts its course ; while the valve C is s 
that part of the water which cannot readily escape throu^ the tttt- 
rowing oriiice of the valve, flows into and fills the antechaiabet M, 
and the flow is therefore not in any way checked. \Vben the 
chamber is thus filled (which happens an instant atier the n 
valve C is completely closed), the air-valve closes. The pressmi 
the antechamber then rises, and the delivery valves F opening, s 
of the water flows into the air-vessel aga'mst whatever pressure there 
may be there. In almost all cases, however, it is advantageous to 
trap a small part of the air in the antechamber, and to compress aii<! 
enter this with the water. WTiere the main valve is worked by in 
outside motor, this air is made use of to work the valve. 

The closing of the air-valve is accomplished in various wayv 
according to circumstances. In the example it is closed by the flow 
of the water in the antechamher past a float P, which is connected lo 
the air-valve by a lever. There are means for readily adjusting the 
exact position of this float, so as to cause the closing of the air-¥al»e 
at the instant required. 

Machines of this type, when intended to compress air instead of 
pumping water, have the antechamber large enough, not oiJy to 
contain the water which flows during the closing of valve C, but also 
the air which is to be compressed at each stroke, and the float P is 
then placed further below the roof of the antechamber than shown 
in the figure. The machine is very highly spoken of by Prof. Unwin 
and many other authorities, giving an efficiency of from 70 to 75 per 
cent, for pumping, and 80 per cent, when compressing a 
sidering first cost and small amount of wear and tear, it compares 
very favourably with any other method of raising water used hy 
engineers. 

The above and other improvements in the ram are due to Mr. H. 
D. Pearsall, Assoc. Mem. Inst. C.E. 
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XXX. 
HYDRAULIC BRAKE. 

[■HYDRAULIC broJce is an apparatus for absorbing energy by fluid 
Sior, developed mainly during passage of the fluid past an obstacle, 
e simplest form of the apparatus is the dash-pot so often employed 

i stilling vibrations. 

I Such a form as that shown in Fig. 264 is often employed, the 
■ whose kinetic energy is to be wholly or partially absorbed 



Fig. 264. 

acting oil the piston-rod D, moving the piston, thus causing the fluid 
to pass through the holes in it. The arrows indicate the direction of 
flow relative to the piston for the given direction of motion of the 
latter. 

A better fonn is shown in Fig. 265, where the piston fits the 
cylinder and the fluid passes from one end to the other, on the motion 
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of the piston, through the pipe R and an orifice which can be closed 
to a greater or less extent by the tap C, The form devised by 
Mr. Langley, for absorbing the energy of a moving train as it is 
brought to rest at a station, is illustrated in Fig, 266. In this case the 
buffer-stop is attached to a piston P, which fits the cylinder C fairly 
well, except at two portions, where rectangular strips are attached to 
the cylinder. These strips taper in thickness, so that when the stop 
is full out towards the right there is a considerable space for the 
passage of the fluid past the piston ; but as the piston travels 10 
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the left the orifices close gradually, as indicated by the sections, thus 
giving a nearly constant resistance. The piston is brought back 
to the full out position by a chain and counterweight, when the 
colliding body is removed. The hydraulic resistance is of the same 






Fig. 266. 



nature as that met with in a pipe of suddenly varying diameter, and 

hence is usually assumed to be proportional to the square of the 

velocity of the water or of the piston, since — in the first two forms 

at any rate — the velocity of the water is proportional to the speed 

of the piston. 

Just at first the motion is very rapid, and towards the end of the 

stroke very slow, and the assumption may not be correct in these 

cases, but on the whole the result arrived at from this basis of 

reasoning will probably not be far wrong. 

W V'^ 
Let be that portion of the kinetic energy of the colliding 

body which is to be absorbed by the apparatus, S the stroke, F the 
hydraulic resistance opposing the piston, the area of which is r times 
the effective area of the orifices, v being the velocity of the piston. 

Then the loss of head is, as in the case of a pipe of suddenly 
varying diameter (neglecting the small loss due to contraction of 
stream), h^ — //o, or 

-^ ^-^ = (r — i)^ — , 

w ^g 

where /j and p2 are the pressures per unit area on the two sides of 
the piston, and w the weight of unit volume of the fluid. 
From this it is evident that 

F = a/A(r- iP— , 

2^ 



A representing the piston area. 



Law_ of Resistance of Brake. 
Water being the fluid, 



the total resistance = 6a ■ 4 A (r 



■')=: 



ffhere R is the resistance due to solid friction, 
Also, 

\V V 

= (average value of F + R) S . 

In illustration of the law it may be useful to plot a curve showing, 
n a given case, the variation of resistance as the piston moves 
brward. 

Take the following numbers ; 

A= -75. 
■ig= 64-4, 

uud assume a constant retardation if there were no solid friction, 
-e. V ct -fx, where x is thy distance from the end of the stroke. 

(For convenience in plotting, suppose the motion to be in the 
apposite sense to that which is usual, the resistance being now 
replaced by the pull necessary to give the velocity v to the piston.) 

The total resistance 

tnd WW ,jx\ 

also V = \^\ when jc = 6, 

or speed of train 10 miles an hour before collision, stroke 6 feet. 
The law now becomes 

y= ii77'4 X 36jr + 5o. 

This is evidently a straight line law, which when plotted gives the 

P curve in Fig. 26;, 
it weie*possible to have z* oc x, the law would be 
y= ii77-4(2-44)»jr' + 5o. 
ftis curve is the lower one in Fig. 367. 

T^^iG average resistance in the first case is 127,141 lbs. With 
feet stroke this one cylinder will absorb the kinetic energy of a 
in Weighing loa tons, moving at the giveirspeed. In the second 
2 tJie average resistance is evidently much less than in the first 
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It is easy to see that if the reastance— ocgjectii^ R— ii to k 

(r — i) p most be constant, 
i.e. (r — i) •fx constant if r cc •fx, 
or (r — i)* jf o 
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Fig, 267. 



From this law the area of the waterway may be designed. Th* 
application of a similar apparatus to the absorption of the energy o 
recoil of guns has already been referred to. 



Hydraulic Dynamometer or Brake. 

In the foregoing, reference has been made to methods of abstnb 
ing energy by fluid friction. The energy thus absorbed is ao^ ir 
those cases, measured. The hydraulic dynamometer, now to bi 
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■liefly described, not only absorbs energy, mainly by fluid friction. 
Hit measures the amount thus dissipated. 

Tho use of an apparatus of this kind for measuring large powers 
V9S firsi proposed by Froudt, but to- Professor Osborne Reynolds is 
Joe the credit of having made the dynamometer a practical success. 
[t consists of a hollow bronze wheel keyed on the shaft which 
supplies the power to he measured, the interior of the wheel being 
furnished with vanes inclined forward in the direction of motion. 
The wheel is surrounded by a bronze casing containing similar vanes 
inclined in the opposite direction, the casing being supported by the 
shaft, but capable of rotating on it as axis. Water under head enters 
the brake through a passage cut in the boss of the brake-wheel, flow- 
ing into the interior of the wheel and thence to the circumference 
under the action of centrifugal force, \Vhen the water arrives at the 
circumference it impinges on the vanes of the casing, thus, if the 
exit passage be sufficiently restricted, exercising a turning effect on 
the casing. The water, after having completed Its functions in the 
wheel, escapes between the circumference and the casing into an 
external chamber, from which it fitially escapes by a pipe containing 
a valve, by which the flow from the brake can be regulated at will. 
There are also air and overflow passages, which need not be further 
described here. If the exit passage is full open, the water leaves the 
brake as fast as it enters it, and very little resistance is offered to 
the rotation of the shaft ; but if the exit valve is partially closed, the 
brake gradually fills, centrifugal force increasing the pressure on the 
exit valve until, finally, the discharge equals the supply, the resistance 
offered by the brake being then constant as long as the speed is con- 
stant. The brake has thus the important advantage of giving a 
constant resistance of— within wide limits — any required amount, 
this resistance being readily varied by simply turning a tap. 

The turning moment or torque exerted by the brake on the 
casing is measured by a graduated lever rigidly attached to the , 
casing, and provided with a jockey weight, which is moved along by 
a hand-wheel and double-threaded screw. The distance between 
two successive graduations represents one pound-foot of resisting 
torque offered by the brake. A brake of medium size will absorb i 
from \ to ijo horse-power. The flow through the brake may be 
automatically regulated from the brake lever, thus giving a c 
stant resistance with varying speeds. The apparatus has for sc 
time been in successful use; that depicted in Fig. a 6S being in 1 
use in the ^\llitworth Engineering laboratory of Owens College, ] 
Manchester. 
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The largest (iynamometer of this kind constructed up 1 
present is one made in 1894 by Messrs. Mather and Plait foi 




Messrs. \Vil!ans and Robinson, and designed to work up to a mul- 
mum turning effort of 36,400 lbs. -feet, or about 1000 horse-fnire^ 
at, say, aoo revolutions per minute. 



XXXI. 
WASTE OF POWER IN HYDRAULIC MAIl 

A LARGE portion of the power generated at the central station of > 1 
hydraulic supply company is spent in overcoming frictional and I 
hydraulic resistances in the mains. It is important, therefor e, to be 1 



Power Waste in Hydraulic Mains. 



361 



e to calculate approximately the amount of this waste in any given 
, and if possible, in the case of new mains, to find the most 
JDomical diameter for a given power and pressure. We have 
idy seen that the energy of i lb, of water at a pressure of/ lbs. 
K square inch may be taken as 2 ■ 3 / ft.-lbs., the other items of the 
I enei^ being of little importance. Assuming that the weight 
t cubic foot of water is still 62-4 lbs.— it ts really a little more — 
I every cubic foot of water has a store of 62-4 x a'3/ = 144/ 

IX^ the flow be Q cubic feet per second; the energy per second 
^44/Q ft--lbs., and if/ be the pressure at entrance, the horse- 
r entering the pipe (call it E) is 

144/ Q _ 



550 



■2605/ Q 



(0 



I Assuming D'Arc/s law for fHctional waste lo be true for the high 
s we are dealing with, that law gives the loss of energy of 

; ■ 005 1 1 + — ^) for smooth pipes. 

The waste in Q cubic feet, or Q X 62 ■ 4 lbs,, is therefore 

4 X 62-4 x/^ X ^— ^Q, 

and since Q is the quantity passing a given section in one second, 
the waste of enei^ per second by friction in L feet of straight pipe 
d feet in diameter is evidenlly this amount, or the horse-power wasted 
<call it W) is 



Ih^ 



-x/^ 



where v is the velocity of the water in feet i>er second. To eliminate 
V we have, 



"(■j6os)V''f'''' 




For a pipe 6 inches in internal diameter y^ = "0058, henrefor 
this diameter 

-00374 LE ' , ) 

This rule is often employed for other diameters, as the change in 
the coefficient is not great for any likely change in d. The energy 
wasted at bends and junctions can be calculated from the rales giwn 
at page 60. 

It is evident from (3) that the waste is greatly diminished bf 
increasing /, or, better still, by increasing d, but the larger pips 
necessary cost more ; hence it is a very interesting problem to find 
what is the best diameter, having regard on the one hand to [Hclianal 
waste of enci^'. and on the other lo greater cost of pipes. A simiUr 
question occurs in electric transmission of power by continuous or 
direct currents, but the use of alternating currents of high pressorc 
(or voltage) renders the matter of economy in the use of copper foe 
conductors a <;omparati\'ely unimportant one." 'I'hese things will be 
referred to more fully later on. The waste of power may be looktd 
at from the point of view of the power which actually arrives at ft* 
distant station, instead of that which is sent in. 

l.ct D be the horse-power delivered, then evidently E = D + V« 
Luiil this value of E must be substituted in (3), which gives an 
Li|iiition containing cubes, S:c., of \V, capable of being solved by 
trial or by any of the approximate methods given in treatises on 
algebra. 

Suppose, for instance, we wish to deliver 100 horse-power at a 
place one mile distant through a 4-inch pipe, the pressure at entnnce 
being 700 lbs. per square inch. Here 

w _ '00374 X 5'8 o X (1004- Wf 
joo-" X (if 
and simplifying, 

542,798 W-(D + Wf = o. 

Let the left-hand side be denoted by /(W), 
* The whole matler i; fully discussed ia an arlide 00 " ll]rdmilic k 
Electcic Transmission ai Power," by the author, published in 'EnginecnllE' AA 
May 3jnd and June 5U), 1891. 
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" A very good practical method of finding a solution is to choose " 
various values of W, calculate/ (W), and tabulate as follows: 
W. /<W). 

34 - 57.444 

»36 - 28,648 

38 - 3,108 

40 4- 19,120 

Plotting these values on squared paper, putting values of/{W) J 
vertically or as ordinates, and letting the horizontal axis be taken I 
across the middle of the sheet, we gel a curve which crosses the J 
latter axis at the point which gives the value of W, malting/ (W) = 
the solution required. 

In this case it will be found that W is 38- 25 ; in other words, J 
wc must send in ijS'JS horse-power, so that 100 may arrive at the 
distant end. If we send in 100 horse-power, only 14' 48 are wasted, 
and 85 '52 arrive. A sonifwhat extreme case has been taken to 
show the difference in the two methods, the pijie being too small 
for the power. 

The following tables show the amount of power wasted in various | 



Table I. — Pressure ai 



■e 700 lbs. per aqunre incli. 



Hors^ 


Hone-power l«l in on 
slraiuhl pipe 


mlko( 


Ho.e-p^c.1„,ipfi«.i,«- 


















S-bchPipc. 


e^nchPipt 


4-inch Pipe. 


fr-lneh Pipe. 


6Jad.Pipe. 


4-lKl.Pipt 


100 


0-4M 


1-84 


14-48 


a-.i 


9-2 


72-4 


eoo 


3'37 


14-72 


115-84 


i6-8 


73-6 




400 


26-9 


117-76 


- 


134-4 






SCO 


S.-7 


175 




263-5 









Table II 


—Pressure 


at entrance 


120 lbs. per square incl 




Hme- 


H«»-poi«rU»tia<uismilii. 




^™ 


B-inch Pipe, 


fr-lDchPipe. 


t-jncbnpc 


s™* Pipit 


K-iiKli Ptpo. 


.-i«hPlp* 


100 


■103 


■448 


3-63 


■507 


..^ 


.7-6, 


SCO 


•819 


3 59 


28-23 


4-09 


■7-94 


141 ' 18 


400 


6-55 


28-7 


226-26 


32-81 


143-75 




500 


12-87 
102 -93 


4»'7i 

341 -as 


439 '5 


64-35 


»i3-5« ' 
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If the percentage of the entering power which may be w 
determined beforehand, we have the following tables : 



Entering Powtr 


B-iMb l^pe. 


6-iiKh Pipe. 


4.ineh Kpe. 


_ 


per cent. 




tea 
.,146-4 


147 -OS 


9 


20 


10.009-8 


3.>9*-S 


394-06 


v 


. 40 


30,0:9-6 


4.585-6 


sss-« 


•9 


SO 
80 


85,024-5 
40,039 -a 


9.i7i'2 


-35- 'S 
n76a4 


^ 


.□0 


50,049 


11,464 


1470-3 


310 



Table IV.— Distances to which 500 Hoksb-Fowsk hat be t 

WITH A Given Loss. Ptcuure at eottuice 1120 lbs. per sqoue indi. 



Pm 


ea,«g«o( 












Snnch Pipe. 


6-i»el. Pipe. 


4-in.hPipe. 


j-inefcPil-. 
















ercent. 


milei 


■HUB 


mila 


faM 




10 


3916 


o-8r 







,37-0, 




30 


7-833 


1-74 




23S 


iS4-o« 




40 


1566 


3-48 





45 


508-17 




so 


19-5 


435 





56 


63S-3 




80 


31-3 


6-93 





90 


ion-3 




100 


39-16 


8-7 


11 


1170-4 



Taking 3^. per horse-power*hour .is an average cost, i horae- 
power day and night for a year comes to no/., though if the power 
be taken continuously probably this is too much. The cost of 
horse-power wasted therefore works out to 

no X ■ 00 374E* _ -411 E^ 

Adding to this the annual interest on cost of i foot of pipe, differcn- ' 
tiating and equating to zero, a value of 1/ in terms of E for any given 
a and safe stress can be found. The result obtained in tt»e | 



le power 
; cost of 
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article refcrred to is [hat for a pressure of 700 lbs. per square inch 
d = '079 E' is the rule for most economical diameter. 

One way of obtaining a roughly approximate solution is to a; 
the price of pipes proportional to the weight of metal. This is not 1 
accurate, because different safe stresses are taken for different sizes I 
of pipes, and there is more trouble and expense per ton in casting I 
smaU than large pi[jes. These two items, however, tend to neutralise J 
one another. 

Assume price per foot proportional to weight or area of cross | 
section, i.e. 

Price «- (D^ - rf=) = Kx-{D»-fl^'). 
4 4 

Since i foot of 5-inch pipe costs when laid about -35/, — this, ' 
however, including expenses not proportional to weight — and taking 
2500 lbs. per square inch as the working stress, we have by a 
reference to the curve on page 183 the thickness for a pressure fi 
of 700 = I inch. 

Therefore for this pressure, 



Price -35 = K'(- \ 

V144 144' 



hence we assume that for any pressure the price = 3'87 (D^ — </'), 
Now, to get D in terms of/. 

Allowing 12 percent, per annum as interest, including depreciation, 
&c., we have the total cost per foot of pipe per annum : 
•411 E^ -12 X T-^i,p<P 
p^.i" + J~p 

4-. possibly, a terra depending upon repair expenses, &c., which w 
wiL neglect. 

Assuming values of/ and/, differentiating and equating to zero, 
we gel the value of d in terms of E, which makes this cost a. I 
minimum. 

IFor instance, if/ = ^oo, / = 2500, we have 
rf=-07E?, 
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or a 6-inch pipe is right for loo horse-power at this pressure, bul it 
is wasteful to force a greater power through it. The solution gina 
in the article in ' Engineering ' leads to an almost identical resuli, 
though worked out In quite a different way. 
If / = it20, the rule becomes 

d= -osE*. 

It has already been pointed out that these niles are only appnni- 
mate, but they serve to show the importance of having the pi* ^ 
sufficient diameter for the horse-pcwer transmitted through it Ik 
following table, giving the most economical diametcT for cemifl 
powers, as compiled from the above rules, may be useful. 





P=rMju 


B.n«7»Ibl>. 




d 






"■^C" 


".res- 


"•ns^r- 


■ 




■37 


JO 


S, 


SO 


■ 




•503 


100 


■3S9 


too 






■679 


300 


■484 


«o 


^^H 




■913 


■400 


■717 


Soo 


^^H 




I '35 


1000 


■965 


1000 


^^ 



If we could determine what voltage agrees witii an 
hydraulic pressure, we might make a comparison between the two 
systems as regards conductor waste of power. This we cannot 
accurately do, as we should have to compare things of different kinds, 
but we may look at the matter from the following point of view. 
^ 33-000 



One ampere at a pressure of one volt conveys 



746 



AA-n 



ft.-lbs. of energy per minute. 

One cubic foot at a pressure of i lb. per square inch conveys 
3'3X6a-4=i43'52 ft, -lbs. of energy ]JtT minute. 

We may assume, therefore, thai a pressure of 1 lb. per square 

inch agrees with —^^ — = volts. Or we may suppose the 

units of pressure to agree, and then our units of quanti^ wj 
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ich other in the above ratio, one cubic foot being analogous Co 
■4 amperes. 

|Xord Kelvin and others have deduced rules for the most eco- 
Bical area of electrical conductor under given circumstances. A 
rent density of about 380 amperes per square inch is often taken 
giving the best result 

Before leaving this subject it may be well to mention that the 
most economical area of conductor, deduced, from the 
tnt of view of the power which arrives, by Professors Ayiton and 
r (and given in the 'Electrician' for March 1886) may be 
iJied to the case where E horse-power are sent in, the horse- 
rer wasted per mile being 

lere ft is the angle whose tangent is — , n being the number of 

s of conductor, P the pressure at entrance in volts, and / a con- 
tnt depending on the price of copper, the cost of one electrical 

e-power, &c., and often taken as about 17. The value of / 
fresponding to a current density of 380 amperes per square inch 
16-636. 

Using Lord Kelvin's rule for area of conductor, and giving a 
current density of 380 amperes per square inch, the power wasted is 

W = 16-636 — X/. 

/being the length of conductor in miles. 

Table VI., compiled from these rules, is interesting. In all cases 
the pipe or conductor is of that area or diameter which is most con- 
sistent with economy. The electric pressure of 2000 volts is taken 
instead of 700 X 3 '24. for the sake of round numbers, and there 
is a return conductor. Returning to hydraulic transmission, if the 
coefficient for a 6-inch pipe be taken as correct for all diameters, 
a simple rule can he obtained for power waste when the pipe is 
properly proportioned. Thus for a pressure of 700 lbs, per square 
inch d = 'Qi E', and the wasted horse-power per mile is 

W = -00374 X LE" 

' 7oo^X (■o7Ef)= (-07)* X 700^ 

The similar rule for a pressure of 1120 lbs. per square irKh is 
W, = • 045 e'. 
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r This coefficient is not really accurate, as the variation of D'.\rc)''s 
45oef!icient should be taken into account. That, however, would make 
only a small difference in the results for any ordinary difference in 
the diameters, and 10 avoid complication it is here neglected. It may 
seem at first sight wrong to have a greater horse-power wasted when 
^ higher pressure is used, but it must be remembered that the pipe 
i< in this case much thicker and more costly— although of smaller 
diameter — than that required for lower pressures. 

If the pipe be designed without regard to economy, the waste 
increases rapidly with the power transmitted after the proper power 
for its diameter has been reached. 

Thus, if the pipe be 6 inches in diameter, it is all right, at 
;oo lbs. per square inch, for powers up to 100, but for zoo horse- 
power the waste is I4'7J in one mile, 73'6 in 5 mites, and soon. 
If the pipe be properly designed it is only 8'8 instead of 73-6 in 
5 miles. If we atlempt to force 500 horse-power through such a 
pipe we find that 175 are wasted in the first mile, and that it is 
imiwssibie to transmit any of the power beyotid a distance of 2-8 
miles, whereas, if properly proportioned, the waste b only 6' 9 horse- 
priwcr in the first mile instead of 175. Enough has been given to 
show the great importance of not having the pipe too small for the 
power it conveys ; the remedy, if a large pipe be objectionable, lies 
in duplicating or triplicating the pipe. The use of some other 
material than cast iron will probably, in the near future, allow this 
frictional waste of power to he greatly reduced ; but the solution 
here given can be made applicable to the new material by the sub- 
stitution of the new cost of i foot of pipe and the new safe stress. 

It is not our province to enter into a complete comparison of the 
hydraulic and electric systems. The limit of pressure is soon reached 
in hydraulic work, hence for long distances the electric system practi- 
cally holds the field, not only on account of the high pressures 
which tan be used, and hence the comparatively small cost of lon- 
ductors, but also on account of the ease with which conductors can 
be fixed in out-of-the-way places, and the efficiency of electro- mo tors 
when rimning either with full or partial loads. However, in towns, 
and for comparatively short distances, the hydraulic system compares 
very favourably with any other as regards efficiency, and supplies 
probably the best means of working lifts, cranes and other machines 
of that kind. Recent improvements, such as those of Mr. Rigg, 
show that the provision of a hydraulic motor of high efficiency at 
all loads, and which will run at constant speed, is a possibility of the 
near future, if indeed it has not already been constructed ; this being 
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the only thing wanted to render hydnmlic pover in mnn- iBQexs 
the best for intermittent business, domestic, and power, opesaaas in 
cities. Thus, water, the commonest gift of natnre. becomes ihtacc 
ready means of obtaining power in some places, and the mas & 
cient means of transmitting power for compaiativeh' sborr cmura 
in alL It is certain that the branch of er^ineering bercEa mfr 
referred to, will, as our coal becomes more expensire, zssszat axt 
and more important dimensions, and London, xs h oughL in ssk 
respects shows the »:ay. 



APPILNDIX. 



THOMSON WEIR-r.AlTGE. (Page 7;:.) 

ing this gauge a part of the stream should be selected in which 
. ossible to make a fairly still pond by the insertion of the gauge. 
The height k may be obtained by fixing a vertical post —which should 
not, however, obstruct the flow — -opposite the centre of the notch, and 
some distance from it, on the up-stream side. A rule or graduated 
rod being fixed vertically to this post, with its lower end on the same 
level as the apex of the notch, the height of the water can easily be 
read off on the rule by any one on the bank of the stream, The 
notch must be sharp-edged, as shown in the illustrations, and must 
not be drowmd, i.e. the water must be considerably lower on the 
down-stream side than the apex of the notch. 

For small flows, such as those dealt with in laboratory work, the 
post should be a graduated brass stem bearing a sliding sleeve which 
can be clamped at any required height ; this sleeve bearing a small 
pinion working into a vertical rack, which has a vernier at its Upper 
end moving on a suitable scale on the stem. The lower end of the 
rack has a hook of steel wire fastened to it, the sharpened point of 
the hook pointing vertically upwards. This hook is lowered with its 
point under the water surface, and gradually raised by turning the 
milled head attached to the pinion until the point of the hook just 
cuts the surface film of the water. This adjustment can be made 
with great accuracy in still water. The main divisions of height can 
be obtained from the position of the sliding sleeve, whilst the vernier 
s the smaller fractions. 
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EFFICIENCY OF TURBINES. 



The eflficiency of reaction or pressure turbines falls off somewhat 
rapidly as the gate opening is more and more restricted, and the 
numbers given in this work for the efficiency of such wheels repre- 
sent that for full-gate opening. The average efficiency is usually 
considerably less than the numbers given, as the flow must be altered 
to suit variations of load. It is dtffictdt to get sufficient up-to-date 



372 Hydraulic Machinery. 

figures lo enable curves of efficiency with different gaie-openbgs, fot 
different types of wheel, to be plotted. We hope lo give sucb r:on^ 
in a succeeding edition, but may mention here that the efficiency of 
a given type of wheel made by different makers varies conaderab!)' 
at the lower flows ; and our information seems to indicate dut the 
case of the modem reaction turbine is somewhat unfairly representtd 
in this matter by the curves published by various writers. The 
efficiency, say, of the Foumeyron turbines at Niagara is pfobablj 
considerably higher at partial gate than any published curve foriiut 
type of turbine gives. 



AUTOMATIC HOIST GATE. (Page 233.) 

A NEATER and simpler arrangement, patented, as we go to press, 
h) Mr. Botterill, is shown in Fig, 269, in which the little bope » 




dispensed with ; a pulley at the end of a vibrating bar bdi .^^ 
instead. An opening resembling points on a railway is «Iso p 
vided on each side of the cam ; this aperture can be opened from! 
the inside of the lift, so as to allow the pulley to pass through when I 
it is desirable to pass a particular door witliout opening it. "" 
aperture is closed automatically by a spring. 



HYDRAULIC CRANES. (Pages 191 and 199.J 

information in regard lo details, such as valves, &c., may 
tesired. Fig. 270 shows the type of valve often used for con- 
ing the turning or sk-wing motion. The figure will be readily J 
M-stood. 




I'or cranes in which the controlling valve for lifting is a simple 
ilide-valve, the position of the relief-valve may be as shonm in 
Fig. 371. 



EFFICIENCY OF HYDRAULIC CRANES. (Pace 234.) 

In this regard only a general rule, in which_^ is the actual pressure 
in f/ie r/linder, has been given, 'I'he highest authorities state that 
the efficiency varies so widely with the type of crane, the slate of 
packing and number of pulleys, that no general rule, beyond ttu 
given in the text, is possible. Though some writers give data makin 
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) nearly on i 



the efficiency depend only on the number of pulleys, tl ^^^ 
leading. The cffitiency probably varies from 50 to nearly 911 1 



APPARATUS FOR INJECTING AIR INTO AIR-VESSE 
OF PUMPS. 




Fii;. 372 shows Wipperman and Lewis's apparatus for this | 
pose. A is a vessel partially filled ivith water, having a FCguliy 



cock C at its lower end. C is connected to the pump va!ve-box 
between the suction and delivery valves. 

At the top of A is fixed a small ^n-metal valve-box D, with 
inlet and outlet air-valves, U being connected by pipe E with the 
pump ai r- vessel G. When the main pump. draws water it partially 
empties A of water, drawing in air, as shown by gauge F, regulation 
of the amount being effected by C. On the return stroke of the 
main pump plunger the air previously drawn into A is forced into G. 

Thus there is no piston in the pump supplying G, little friction, 
few parts, and the cost of the appaiams is small. 



HYDRAULIC MACHINERY IN GAS-WORKS. 

Various operations carried on in gas-works can now be performed 
nearly automatically by hydraulic machinery. The following is the 
sequence. The coal is delivered direct from the trucks into hoppers, 
from whence it passes to the breakers, which consist of rolls, the 
first pair having suitable claws for drawing in the coal. The broken 
coal is raised by elevators to a large hopper, from which the charging 
machines for charging the retorts are supplied. These machines 
work automatically, a certain quantity of coal being drop[jed from 
the hopper in front of a pusher plate, by which it is pushed into 
the retort, about equal quantities being delivered into equidistant 
positions by a series of pushes. Two hydraulic rams or plungers 
give the required movements : one supplying the forward, the other 
the backward motion. The operation of drawing the charge from 
the retorts is also performed by hydraulic means. For this purpose 
a rod with a plate at its end, which tan take up either a vertical or 
horizontal position, is employed. The plate is tripped into the hori- 
zontal position while the rod is being inserted in the retort above 
the coke ; when the rod begins to be withdrawn, the plate assumes 
die vertical position and cuts into the coke, bringing out a portion of 
the charge in front of it. Pushing and drawing rams again give the 
required motions. Thus hydraulic machinery is made to perform 
oi)eralions which are known to be most trying to the workmen who, 
according to the older system, have to do the work. 

Machines for traversing, and others for feeding in the coal to the 
charging machines, need not be further referred to here. The full 
details can be obtained from a paper on this subject read before the 
Institution of Meclianical Engineers at Glasgow in July 1855. 



"WELDING" BY WATER-PRESSURE. 

Some attention has been attracted to the announcement recently 
made, that "welding" can now be performed by water- pressure. 
The details of the process are not yet obtainable, but it seems that 
tubes such as bicycle tubes can, after being tnade to fit one inside tlie 
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other — the outer tubes having grooves of double spind form on their 
inner sur&ces — ^be united by admitting water under high pressure to 
the interior of the tube or tubes. The process, if successful, seems 
designed to take the place in some cases of brazing or welding. The 
effect, on its strength^ of expanding the inner tube, and the mediod 
adopted for preventing the outer tube from being also expanded, are 
not explained, the patent specification not being yet available. 
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UTE path of water (turbines), 122 

nts to lifts, 231 

.ulator, 171 

acity of, 1 73 

nection of with engines, 172 

erential form of, 1 74 

■nsifynng, 175 

ip, section of, 343 

im, of Mr. A. Bctts-Brown, 281 

mlators of Hydraulic Power Co., 

[80 

Tower Bridge, 267 

tages of hydraulic riveting, 318 

centrifugal pump, 122 

ton canal lift, 239 

atus for picking up water (loco- 

ives), 103 

mces (hydraulic) for ships of war, 

d centrifugal pump, I18 
thruster, Bailey's, 339 
nedes, principle of, 33 
rong's first hydraulic crane, 189 
Iraulic cranes, 189-207 
engine, 251 
rry, book on, 291 
urg Maschincnfabrik, Jonval tur- 
bine of, 152 
Girard turbine of, 141 
latic control of pumping engines, 

171, 344 

e for lifts, 233 

n and Perr>'*s rules for area of 

iuctor, 367 



B. 



JICES, counterweight, for lifts, 223 

Iraulic, 224 

cing arrangements (Clark and 

idfield's), 221 

*s *• Aqua-thnister,*' 239 



Bailey's Ilaag's hydraulic engine, 255 
Barker's mill or re-action wheel, 89 
Barry Dock, machinery of lock gates 

of, 279 
Bascule bridge, machinery of, 273 
Bellhouse, intensifier, 344 
Bernouilli's law for total energy of I lb. 

of water, 65 
Betts-Brown. Mr. A., on "hydraulic 

power," 289 
Boilers of HydrauHc Power Co.'s en- 
gines, 179 
Boiling point of water, Rankine s rules 

for. 331 
Bombay hydraulic graving dock, 245 
Borda*s mouthpiece or nozzle, 48 
Brake or dynamometer, hydraulic, 358 

— hydraulic, 355 

Bramah, Joseph, inventor of hydraulic 

press, I 
Bridge, draw, with Rigg engine, 270 

— swing, over the Tyne, 265 

— Tower, London, 273 
Bridges, movable, 265 

** British Register Gate " turbine, 145 
Brotherhood hydraulic engine, 249 
Brotherhood- Hastie hydraulic engine, 

255 
Brown's hydraulic derrick, 287 

— — winch, 289 

— steam accumulator, 281 

— telemotor and steering gear, 283 
Buffer stop, hydraulic, 355 



C. 

f, values of, for flow in channels, 56 
Calculations on discharge of pipes, 52 

— on discharge of pumps, 322 

— on suction height (]>umps), 324 
Cataract Construction Co.'s turbines 

(Niagara), 146 
Capstan engine for magazines, 299 
by Mr. Rigg, 265 
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Ccnlic CIan*^, liydiitulic, 307 
Ccnire of prcuurc, distance o(, frum 
centre of area, 33 

of Iriangie, 33 

- po»[ion of, independent o( 



inclin, 
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Centrifugal governor for w 
"S3 

— — for luibines, 160 ft leq. 
Ccnlrifugal pumps, no 
efficiency of, 118, 128 

^ — hisloiy of development of, 110 
Uw of change of pressure in. 

"5 

principle of action of, 113 

r&ume of rules for liesien of, 1 39 

section* of good lypei of, 119, 

133, "4 

vane angles of, 115, 117 

— whirlpool chamber of, llo 

Chain pumps, 340 

Change of enerey at right angles I0 

stream lines, 67 
Click, difTerent formi of (pump;.!, 323 
ClassilicBlion of lurbincs, 146 
CIntch of Mr. King, 164 
Coal hoiitts, 205 
CoeScienU of loDtrattion, 47 

— of diacbuge, 4S 

— of hydraulic reastancc (Inble ofj. 60 
Comparison of hydraulic nnd electric 

mclhodEoriransmitiini' powerltnblc), 

368 
Comptcs&ibitily of wulcii 3 

Floienline experiment on, a 

Cootracicd section of pipe, loss of head 

«, 59 
Cost offilictinE(l'urlBr-Ckrl( process), 

— of pressure water in terms nf head, 
1S2 

Crane, hydraulic, ArD]slrong'!< first, 
190 

by Tannett, Walker & Co.. 307 

valves of, 199 and Appcudis 

Ctftnn, hydraulic, Uocli or quay, 195 

for shipping coal, 205 

heavj '[Uay, 200 

railway station, 193 

relief valves for, 191 

— — with derricking motion. 197 

— — wilh fixed pedtitol, 301 
with roller p»lh, 304 

— — wilh variable power, 199 

with weighing gear, igli 

Clesilrius, force-pump invcnietl by, 1 
Cap-lealbcr packings, 5 

Corves for reference in designing pijies, 
183, 187 



Curves showing effidendei of piaipt 
128 

relative cost in livetinj, JI9 

Cylinders of hydraulic prcaes, 11 
— ofOiia Tiiis, 213 



D'Akcv's "coeRidaiE" in nle fa 

flow in channels, 55 

— rules for flow in pipes, 50 
Daviilson steam pump, 327 
Derrick, hydraulic, 287 
Derricking motion (craiin). 197 
Diagmnis from pamping engine^ 334 
Diameter of pipe for given power, jij 
Diflerenlial accumulators, 174 

— governor for Pelton wheels, J6j 
Disappearing mounting for j;ims (Iq- 

draolicX 397 

— — — — (hydro-pnemnatk), 194 
LHscharge of pumps, mles for, 324 
Distances to which power ni^ tc 

Ironsmilted (tables), 364 
1 lock I'l quay cranes, 195 
Dock-gate machinery, 379 
Uoublc-ncting pumpi, 317 
Draw-bridge, hydraulic machinaj ol^ 
370 

— automatic slop-gear fut, 271 
Duplex pumps, 329 
Duty of engines, 335 

— of pumping engines of HydranUc 



— of hydraulic jack, 1 7 

— of intensifiet, 34S 

— of lifts, 234 

— of press, 13 

— of pumps, 341 

— of I'nlsometer pump, 339 

— of pumping engines, 177, 335 

— of turbines, Hercules, 143 
Jonval, 149 

-• — Thomson, I33 

— of water wheels, breast, 109 

overshot, 106 

undershot, 1 10 

EUington'i balances Icr Itfti^ 33$ 



ion's hydraulic (lumps, 340 



^ raulic, ArmsKong, 25 1 
■~- Brotlierhood, 249 

- Hsag, 25S 

- fnr tapsLin (wBrsnips), 299 
r (ucning tastel (warships), 298 
with variable power, Brolhcr- 

hood-Hasiie. 255 
— Risr. 357. l'64 
paipotential surfaces, 34 
^ni-pressure and equal-density sur- 
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RBAIRn's {^vernor Tot wnlci 
wheels, 154 

ules for water wheel consliui:tion, 

g wnlei, measBrement of, 71 
- of, by current meters, 72 

of, by waler meters, 79 

of, l^ weir-gaugei, 73 

How of water, in chaimel'i, 55 

— in large pipes, 53 

— -■ in pipes, 50 

through orifices, 47 

Klanging press, 315 
Kluid, definiiion of a, 2, »8 

— pressure, intensity of, 2S, 31 
nature of, 28 

position of iciullant of, 29 

rules for finding, 31 

the same in all directions, 30 

fluids wilh which the engineer has to 

deal, 1& 
Kotcc-pump, date of Invention of, I 

— double-acting, 327 

— plunger form of, 324 

— ui^le-ttcling, boiler form of, 326 
Korgfag press. 314 

Fourneyron turbine (see " Turbines "} 

— Cuibincs at Niagara, 147 
Frmeis' formula for ilow by wrir-gange, 

78 
Friction of water at diffeicnt velocities, 

41 
—— Perry's, Reynolds'and 

Un win's cuperimciils on, 42 

Mair's law for, 46 

■ — Reynolds' Inw for, 44 

^ ^ — Reynolds' law for, in 

English units, 45 



J79 

I Frictianal resistance lo sliding (riret- 
1 ing). 318 
Frnude's laws for water friction, 42 



liANGUii-LET and Kultet's coeflicicnl. 

Gauge-notch, rectangular, 7S 

— V-shnped, 76 
Geyelin's turbine gates, 152 
Girard turbine, 140 

Glasgow harbour tunnel lifts, 237 
Governing of turbines, the, 159 

— of Foumeyron turbines (Niagara), 

— of Hercules turbines, 160 
^of Thompson turbines, 155 
Governor, cenlrifUBal, 163 

— for water wheels, 153 

— Hett's centrifugal, 164 

— King's float, 161 

— Marray's relay, 158 

— of Pdton wheel, 169 
■ ig docks, hydraulic, 245 



"Orel" valve of Pulsometer p"m|i, 

238 
Gons, disappearing miiuntingof, 2^4 
Gwynns's cenlrilufjal pump, UJ, 124 

H. 

'Haag's hydraulic engine. 355 
llagan's rule for lluw in pipes, 53 
Hand press, 7 
Hat leathers. 5 
Hemp packings, 6 

friction of, 7 

" Hercules" turtiinc, 143 

Hetts governor, 164 

Hoists, automatic gale for, 333 

— for shipping coal, 305 
Horse-power lost in hyd[»ulic mains, 

360 
" Hunting " in watcl-wheel governors, 

167 
Hull Power Supply, engines.cf, 179 
Hydrant, Greathead's, 104 
Hydraulic accumulator (see " Accumu- 
lator ") 

— balances, 225 

deadwricht, 225 

intensifying, 22S 

— _- movable cylinder, 226 

— brake, 35s 
crane, 207 
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Hydraulic engines (see " Engines "). 

— flanging press, 315 

— forging press, 314 

— gradient, 49 

for pipes of varying diameter, 5 1 

— intensiher (see "Intcnsifier ") 

— jack, common form of, 14 
efficiency of, 17 

improved form of, 17 

— jacks, Cleopatra's Needle lifted by, 

16 
^ — lifts (see «• Lifts "). 
j^ - machine tools, 301 
^B- machinery defined, I 

^ for bridges (see " Bridges ") 

on board ships, 2S1 

on warships, 291 

— mounting for guns, 295 

— plate-bender, 316 

— Power Co., London, engines of, 177 
supply, 175 

— - press, applications of, 19 

change of pressure in, 10 

details of, 1 1 

efficiency of, 13 

elementary principle of, 3 

hand form of, 7 

modem form of, 13 

for cin'ering cables 22 

for e^]>res^ing linseed oil, 23 

— - — for making lead i>ii>es, 20 
- - f jr lightening cask ho<'>p>, 26 

— - in Mr. OreatheadV shield, 26 

— — - ] tacking leathers of, 5 
pipinii for, 13 

pumps for, 1 1 

— — reaMtns for high efficiency of, 8 
ti> l>e emptied of water «luring 

frost, 13 

vcNk ity ratio of, 4 

~ pumps, 340 

— pundiinj^ machines, 303 

— ram-, 348 

— recoil buffer, 293 

— riveters, 304 
-- winch, 2S9 
Hydraulicibing, 105 
Ilydro-pncumatic mounting for guns, 

294 



I. 

iMrrLsF, turbines, 139 

Un win's rules for desij^n of, 140 

Injector hydrant of Mr. Greathead, 104 
Intensifier, Dcllhou.«>e fonn of, 344 

— Ellington's form of, 346 
-- intensifying ratio of, 347 

— used with packing presses, 10 



Inteaiifyiiie mccamnlator, 17$ 
Intensity of fluid pressme, aiS 
independent of inrlinifk^ 

J. 

JRT, contraction of, 47 

— pressnre of, against a surface, 95 
Jet-propelled boats, 90 

— lifeboat. City of Glasff07i\ 93 
Jet propulsion, 87 

efficiency of, 91 

— use of, in gold mining, 105 
Jonval turbines (see "Turbines") 
of Niagara Falls Paper Co., 149 



K. 



"K," values of, in rule for sfoA 

(turbines), 139, 145 
Kelvin's (Lord) rale for area of ooo- 

ductor, 367 
King's centrifugal governor, 163 
— clutch for turbines, 164 
- float governor, 161 



I^ 



L.v Loi A'lERE canal lift, 244 
Leather packings for ])resses, A:c., 5 
Les Fitntinettes canal lift, 242 
Lift-pump, 323 
Lifts, canal, 239 

— for passeni^ers, 207 
... — accidents to. 231 

- balances of (hydraulic), 224 

- l>alancing arrangements 

221 

- - calculations of ram area, 209 

- - direct-acting, 209 

— efficiency of, 234 

- - «)f Otis Elevator Co., 213 

'* Reliance," form of, 213 

— safety gears for, 217 

suspended types of, 213 

--- - - valves for, 229 

— for vehicles, 235 
Lines of force in Huid, 34 
Linseed oil press, 23 

Locomotive tender apparatus for pick- 
ing up water, 103 
London Hydraulic Power Co., accumu- 
lators of, 180 

— - - — boilers of engines of, 179 

— engines of, 177 
hydraulic pumps for, 340 

- cost of, to consumer, 1 81 
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^^^^^^^^^^^^^^^/S 


^imiv 


^^ 


■ ' Pressure energy " defined, 66 1 




— diagram from bydraulic ram. 352 ■ 


^^■UMS, hydraulic power, economic de- 


- due to shock, 1S8 ^^H 


^MpAlU 


-- of a jet against a surface. 96 - ^^^^H 


^^^Kher & Piatt, ilynsinutn:ter by, 35S 


— re(|uired for expressing oil, 24 ^^^^^H 


^^Kcit-flow turbinei, 143 


— -~ far makine lead pipes, 22 ^^^^^H 


^■BSulu; or cubic coinpiessibilily of 


- ~ variation of, in hydraulic press. 9 ^^^^^H 


^Hnier, 3 


Portable punching machines, 303 ^^^^^| 


^^^nble bridges (see "Bridges") 


— riveting macbines, 304 ^^^^M 


^BeraDcs, 195 


Power from Niagara, 146 ^^^H 




— waste in hydraulic maim, 360 ^^^^M 


■ 


Pulsometer pump, 336 ^ 


^H 


Pump, Davidson steam, 317 ^y 

— double-acting, 327 »fS 

— plunger form ol, 334 r 


^M 


^^rnxvA, [nrlHiies at, 152 


^ISagiiB, torbines at, 147 


— three-throw, 327 


1' ■ governor of, 165 


— with ball valves, 325 


results of tests of governors of, 


— Wortlungton compound, 332 


167 




— turbine-power installation at, 146 


simple form of, 330 

Pumping hot water, 331 


N.^ile, the boil, loo 


Noules for fire-hoses, 99 


Pumps, chain, 340 


— (or mining, 105 


— duly of, 33S 


— velocity of jet Irom, 100 


— duplex, 339 
~ hydraulic, 340 






321 ^^^^H 


O- 


— useful rules for design of, 335 ^^^^H 


OCTOPUS hydraulic baling press, 13 


■ 


One-bundre.1 Ion bydraulic crane, joi 


Ordinary inlcnsilier, 346 
tliis "Elevator," 213 


" Q = AV," method of meisuringlloiv. 


repacking atrangeincnis of, jiii 




jafcly gear of, 216 

Otto Guenicke's eiperimenls, 331 




R. 




Radial flow turbines, 131, 137 




Radial velocity in centrifugal pumps, 


P. 


129 




in Thomson turbine, 133 


Packing leathers, 5 


Railway station cranes, 192 


fricLion nf, 6 


Rankine*s formuU lor etbciency of Jet. 


rascal on atmospheric pressure, 331 


91 


I'lLscal'i law tor fluid pressure, 3 


— formulae for boiling point of waler. 


Piisenger lifts, 207 


331 


Pawl governor, by King, 161; by 


Ram of press, lift, &c., apparent 
weight of, S, 12S 


Snow, 160 


Pearsall's correction of Uowin's for- 


Ram of press, material of. 1 1 


mula for pipes, 53 




— hydraulic ram, 352 


simple form of, 349 ^^^H 


Pelton wheel, 97 


— ~ usual form of, 350 ^^^^H 


--governor. 169 


Pearull's form of, 352 ^^^^M 




Rea>.liDn turbines, 130 ^^^^H 


!' iccard & Pictet, governor by, (65 
Pipes, joints of, 187 


Reactive force of jet, 87 ^^^^M 


Recoil buffer, Elswicic, 394 ^^^H 


— strength of, 1S3 


~ 293 ^^^H 


Plasticity of materials, 27 


Relay engine (Ri^l. 2G1 ^^^H 


Plate bender, hydrauUc, 316 


— governor for luibines, IjS ■ 


Platform cranes, I93 


Relative cost of hydraulic ,.iid hand T 


Plilen of hydraulic press. 7, 1 1 


riveting, 318 J 
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'* Reliance ** passenger lifts, 213 
Relief valye of cranes, 191 

pf engines, 252 

of hand press, 7 

of hoop lightening press, 27 

Resistance to sliding (riveting), 318 
Reynolds' experiments, 43 
Rigg's hydraulic engine, 257 
Roller-path cranes, 203 

— of swing bridge, 267 

•* Rotation,*' expression for, 70 
Riveting machines, portable, 304 

stationary, 310 

Rule for power waste in mains, 362, 

367 
Rules as to velocity (turbines), 145 

— for best diameter of mains, 365 

— for design of centrifugal pump, 129 

— for power waste in electric conduc- 

tor, 367 



S. 

Safety-gear of lifts of Glasgow Har- 
bour tunnel, 238 

Otis, 219 ; Reliance, 217 

Shield for tunnelling, Mr. Grcatbead's, 

Ship machinery (hydraulic), 281 
Shock, pressure due to, 188 
Slewing cylinders of cranes, 190 
Smith, A., and Stevens, lifts by, 213 
Snow governor for turbines, 160 
Somers Town wagon lifts, 235 
Soulhamplon, cost of proposed power 

supply, 182 
Speed regulation, 153 
Starting valve for lifts, 230 
Stationary punching machines, 307, 

3" 

— riveters, 310 

Steering gear. Brown's hydraulic, 283 
Stream lines, change of energy along, 

63 
across, 67 

Strength of thick pipes, 184 

Suction or atmospheric pump, 321 

— tube, centrifugal pumps, 114; tur- 

bines, 137, 157 
Sudden change of area of pipe, 57 
Supply for pumps (Hydraulic Power 
Co.), 180 



T. 



Tannett, Walker & Co.'s centre 

crane, 207 
Telemotor, Brown's, 283 



'rhicknoi of pipe for a ghren ptiMK. 

183 
Three-iam wagoo lift, 235 
Three-throw pump, 337 
Thurston, test of turtsine by, 143 
Torricelli's discovery, 321 
Tower Bridge, London, 273 

machinery of, 275 

Turbines and turbine-power instilh- 
tions, 146 

— at Niagara, 147 

— elementary theory of, 130 

— efficiency of (see ** Efficiency ") 

— classification o**, 146 

— Foumeyron type of, 137, 147 

— Girard type of, 141 

— impulse, Unwin's constraction f<x, 

140 

— inward flow type of, 131 

— Jonval type of, 149, 152 

— mixed-flow, 143 

— pressure or reaction type of, 131 

— rq^ulation of speed of, 15$ 

— summary of nues for, 145 

— Thomson form of, 131 
Turret turning engine, 298 
Tweddell's system of machine tools, 301 



U. 

U leathers, 5 

Unwin's, Professor W. C, experiments 

on water friction, 42 
rules for design of impulse 

turbines, 140 

rules for flow in pipes, 53, 54 

Useful rules for pump design, 335 



V. 



Valve of Armstrong engine, 252 

— of Brotherhood engine, 250 

— of Otis lifts, 213 

— of ••Reliance" lifts, 230 

Vane angle of undershot water-wheel, 97 
Vane angles, centrifugal pump, II5» 

"7 
turbines, 131, 134, 135 

— shape of, impulse turbine, 141 

inward-flow^ turbine, 136 

axial flow turbine, 138 

Variable-power cranes, 199 

— engines, 255 

Velocity of flow and friction, 41 

from orifices, 49 

in channels, 55 

in pipes, 50 

in turbines, 145 
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ia Docks, hydraulic graving dock, 

>ity defined, 28 

c turbine, 131 

speed regulation of, 155 

ped weir-gauge, 76 



W. 



:r meters, American, 84 

Kennedy, 80 

Kent ** absolute," 82 ; 

"uniform," 86 
Siemens, 79 
Schonheyder, 80 
Venturi, 84 

;ssure, law of change of, 36 
teels, Breast, 107 
Overshot, 105 



Kent 



Water wheels. Undershot, 109 

efficiency of (see ** Efficiency ") 

governing of, 153 

Warships, hydraulic macliinery of, 291 
Waste of power in hydraulic mains, 

360 

(tables), 363-8 

Weisbach's rule for flow in pipes, 51 
Weir-gauges, rectangular, 77 
— V-shaped, 76 

Weston's experiments on ** ram " pres- 
sures, 189 
Whirling liquid, equipotential surfaces 

in. 39 

lines of force in, 36 

Willans and Robinson, dynamometer 

for, 358 
Winch, hydraulic, 289 
Wood, R. D., & Co.*s tur1)ines, 149 
Worthington steam pumps, 330 
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